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Bibliography,  With  Abstracts,  of  AFCRL 
Publications  From  1  January  to  31  March  1971 


INTRODUCTION 

This  bibliography  lists  all  AFCRL  in-house  reports,  journal  articles,  and  con¬ 
tractor  reports  issued  during  the  reporting  period.  The  DD  Form  1473  (Document 
Control  Data  -  R&D)  for  each  publication  is  included. 

In  Part  I,  tne  1473's  for  in-house  reports  are  arranged  numerically  by  the 
series  in  which  they  were  issued;  in  Part  II,  the  147 3 's  for  journal  articles  are 
arranged  alphabetically  by  author;  in  Part  III,  the  1473's  for  contractor  reports 
are  arranged  alphabetically  by  corporate  author.  For  cross-reference  purposes, 
an  index  is  included,  listing  the  publications  numerically  by  the  AFCRL  document 
number. 

I'yprs  of  VFCIH.  Reports 

AFCRL  technical  reports  include  those  prepared  jn-bouse  and  those  prepared 
by  contractors.  The  in-house  reports  are  issued  in  six  series,  and  the  contractor 
reports  are  of  two  types.  The  in-house  series  and  the  types  of  contractor  reports 
are  described  below. 


In-House  Report  Series 

AIR  FORCK  SUKVFYS  IN  C.FOPII YSICS 

This  series  is  utilized  for  two  types  of  environmental  research  information  : 
(a)  research  results  that  are  directly  applicable  to  design,  developmental,  nr 


2 


operational  problems  of  Uie  Air  Force,  and  (b)  survey  or  state-of-the-art  papers 
in  a  specific  area  of  the  environmental  sciences. 

INSTRUMENTATION  PAPERS 

Instrumentation  Papers  present  information  about  new  techniques,  procedures, 
instrumentation,  components,  or  vehicles  utilized  in  AFCRL  research  efforts. 

PHYSICAL  SCIENCE  RESEARCH  PAPERS 

In  general,  these  papers  report  results  of  AFCRL  research  in  the  information 
and  mathematical  sciences,  microwave  physics,  laser  physics,  solid  state 
sciences,  and  spectroscopy. 

ENVIRONMENTAL  RESEARCH  PAPERS 

Papers  reporting  results  of  AFCRL  research  in  the  environmental  sciences, 
including  space  physics,  upper  atmosphere  physics,  optical  physics,  meteorology, 
and  the  terrestrial  sciences  are  published  in  this  series. 

SPECIAL  REPORTS 

The  Special  Reports  series  provides  a  publication  medium  for  (a)  papers  that 
do  not  report  specific  research  results,  such  as  bibliographies  and  proceedings  of 
symposia,  (b)  papers  by  special  employees  of  AFCRL,  such  as  summer  employees 
or  cooperative  students,  (c)  theses  written  by  AFCRL  employees,  and  (d)  signifi¬ 
cant  management  and  administrative  reports.  Other  special  categories  may  be 
accommodated  in  this  series  as  the  need  arises. 

TRANSLATION  SERIES 

This  series,  including  Russian,  Chinese,  and  Japanese  works,  represents  a 
highly  selective  collection  of  translations  of  scientific  and  technical  articles  per¬ 
tinent  to  AFCRL  interest. 


Contractor  Rrports 

SCIENTIFIC  REPORTS 

Scientific  Reports  are  normally  prepared  when  a  definable  phase  of  the  re¬ 
search  has  been  completed,  when  the  research  effort  reaches  a  point  where  it  is 
natural  and  logical  'o  summarize  the  results,  or  if  no  other  scientific  report  was 
issued  during  the  contract  year.  Scientific  Reports  cover  all  phases  of  work 
undertaken  during  the  period  of  the  report,  includ.ng  the  contents  of  papers 
published  in  scientific  journals  or  presented  at  scientific  meetings. 

FINAL  REPORTS 

These  reports  summarize  the  work  performed  under  the  contract. 
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U.  ABSTRACT 

During  1969,  a  number  of  rocket  payloads  flown  by  AFCRL  released  clouds  of 
chemical  vapor,  which  were  measured  by  triangulation  and  spectroscopy.  This 
report  discusses  the  results  of  spectroscopic  measurements  made  on  barium 
clouds  and  the  spectrum  of  the  luminous  cloud  produced  by  a  release  of  diborane. 
A  tracking  instrument  for  detecting  high-altitude  vapor  trails  during  the  day  is 
also  described,  together  with  the  results  of  a  successful  field  test. 

Tiie  results  of  these  studies  are  relevant  to  current  Air  Force  needs  in  the 
areas  of  electromagnetic  wave  propagation  through  a  disturbed  medium,  accurate 
prediction  of  satellite  orbits,  and  prediction  of  motion  ol  nuclear  debris. 
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u.  arstract  A  radar  weather  index  forecast  was  used  to  provide  a  measure  of 
precipitation  coverage  which  in  turn  would  serve  as  a  guide  to  more  detailed 
forecasts  of  ceiling,  visibility,  etc.  The  index  equals  the  percent  coverage  by 
radar  echoes  within  a  50-nmi  radius  of  the  station.  Hourly  indices  were  com¬ 
puted  for  Tan  Son  Nhut,  Pleiku,  Ubon,  and  Udorn. 

From  the  analysis  of  cloudiness,  winds,  and  pressure  distributions  it  was 
found  that  weather  over  the  three  southernmost  stations  is  best  related  to  prior 
conditions  to  the  east.  Activity  at  the  northernmost  station  also  relates  to  prior 
conditions  to  the  east,  but  weak  pressure  correlations  are  also  found  over  the 
Tibetian  Highlands  and  western  Indochina,  suggesting  an  influence  from  the  north¬ 
west  and  west. 

Using  a  stepwise  multiple  regression  program,  equations  were  developed  for 
forecasting  1,2,  and  3  days  in  advance  the  probability  that  the  radar  index  in  the 
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rence  when  scored  by  the  Heidke  method.  Forecasts  for  1970  showed  skills  of 
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dependent  data.  Scores  for  the  day  +3  forecasts  were  near  zero.  These  scores, 
although  low,  are  considered  important  because  forecasts  for  these  periods  are 
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of  amplitudes  for  15-min  samples  as  well  as  for  periods  of  1  yr  and  longer.  To 
minimize  the  effect  of  this  ionospheric  phenomenon  on  satellite  transmissions, 
the  system  designer  can  utilize  amplitude  distributions,  fading  rates,  depths, 
and  other  aspects  of  scintillation  observations  in  designing  his  modulation. 
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A  determination,  in  geometric  optics  approximation,  of  the  forward  and  bad 
scatter  characteristics  of  spherical  overdense  clouds  having;  (1)  a  gaussian  de¬ 
crease  with  distance  from  the  center,  (2)  a  sech2,  or  exponential,  decay,  and 
(3)  an  inverse-square  decrease,  showed  that  the  back  scatter  cross  section  for 
the  inverse  square  distribution  is  always  larger  than  for  the  other  two  distribu¬ 
tions.  As  the  center  point  density  increases,  the  back  scatter  cross  section  ob¬ 
tained  with  tlie  gaussian  sphere  most  rapidly  takes  on  the  characteristics  of  a 
conducting  sphere,  that  of  the  sech2  distribution  lags  slightly  behind,  but  that  of 
the  inverse -square  sphere  never  gets  close  to  the  result  for  a  conducting 
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distribution  has  an  essentially  constant  cross  section,  and  the  gaussian,  which 
has  the  lowest  forward  scatter  cross  section,  shows  a  slight  decrease  with 
center  point  density. 
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Photography  of  barium  releases  was  performed  by  AFCRL  from  two  sites, 
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II.  ABSTRACT 


This  paper  deals  with  the  use  of  riometers  as  an  aid  in  ionospheric  fore¬ 
casting  during  both  disturbed  and  undistrubed  conditions  at  various  geographical 
regions  of  the  earth.  Both  the  physical  and  technical  aspects  of  riometry  are 
discussed.  Riometer  observations  during  special  solar  geophysical  events 
such  as  polar  cap  absorptions,  auroral  absorptions,  and  solar  flare  effects 
are  presented  and  discussed.  Suggestions  for  the  improvement  of  riometer 
output  and  a  description  of  experiments  to  be  performed  using  riometers  as 
as  integral  part  of  forecasting  systems  are  presented. 
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Qualitative  descriptions  of  the  morphology  of  PCA  events  are  given, 
using  data  from  the  following  riometer  stations:  Thule  and  Godhavn, 
Greenland;  Churchill  Range,  Manitoba,  Canada;  and  Reykjavik  (Leirvogur), 
Iceland.  The  dependence  of  commencement  time  on  solar  zenith  angle  and 
subsequent  daily  variations  in  absorption  following  the  initial  day  are 
described.  The  morphology  of  PCA  events  is  very  important  for  forecasting 
the  behavior  of  ionospheric  absorption  during  a  PCA  event.  It  is  shown  that 
besides  information  concerning  the  energy  spectrum  of  the  proton  flux,  the 
season  and  time  of  day  must  also  be  considered  for  forecasting  thf  expected 
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IS.  ABSTRACT  I 

The  coupled  equations  representing  the  horizontal  neutral  air  winds 
arising  from  the  diurnal  variation  of  atmospheric  pressure,  are  solved 
numerically.  Taking  full  account  of  the  diurnal  and  seasonal  variation  of 
electron  density,  meridional  and  zonal  winds  have  been  computed  at 
mid-latitudes  for  both  solar  maximum  and  solar  minimum  conditions.  The 
daily  variation  of  both  the  meridional  and  zonal  wind  can  be  well  represented 
by  a  daily  mean  plus  a  24-  and  12-hour  oscillation  and  tabular  values  of  the 
winds  for  each  season  are  given  for  the  height  of  the  F2  maximum  and  for 
every  100  km  interval  from  200  to  500  km.  These  values  can  be  used  to 
readily  compute  the  associated  vertical  drift  velocity  at  any  middle  latitude 
location  when  account  is  taken  of  the  local  geomagnetic  field. 


KEYWORDS:  Neutral  winds.  Ionospheric  winds.  Drift  velocity. 
Ionization  distribution.  Coupled  equations 


00 ,  :z:mu  un 

_ Unclassified _ 

Security  Classification 


Instrumentation  Papers 


22 


INSTRUMENTATION  PAPERS 


Unclassified 

Security  Classificatiofi 


DOCUMENT  CONTROL  DATA  *  RAD 

(Security  cloesificotio*  of  lido,  bod y  of  abetratt  m d  » nd§nin§  amotaiio *  mull  bo  tutored  whom  tko  overall  report  it  clottified) 

1.  ORIGINATING  ACTIVITY  (Corporate  mtbor) 

Air  Force  Cambridge  Research  Laboratories  (LII) 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts  01730 

SBai 

1  RCRORT  TITLI 

LOW  FREQUENCY  GROUND-WIRE  ANTENNA 

«.  DCSCRiRTivt  1  OTCI  (Typo  of  ripen  and  inelmvo  done) 

Scientific.  Interim. 

t.  authoMs)  (First  mkw,  tmddls  usstsat,  loti  tsamj 

Gary  S.  Sales 

Alma  Ganio 

2  December  1970 

7*  TOTAL  MO.  OF  RAOII  7ft  NO.  OF  Rf  Ft 

13  5 

•A.  CONTRACT  OR  ORANT  MO. 

ft  RRO'CCT,  TASK,  WORK  UNIT  MOt.  563l-15“01 

C.  OOO  KLtNlNT  6  I  1  02  F 

d.  OOO  1UIKLKMKNT  681310 

IA  ORIGINATOR'S  RCPORT  N'JMOIRfSj 

AFCRL-70-0671 

ll  OTHKWWIPOHT  w  ctlj  (Aay  othtr  Majfctrr  dm  may  fct 
-sipsri*u  '•port/  ip  ND>  169 

n.  OIITHKUTIOK  STAT(M(NT 

1  -  This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 

TECH,  OTHER 

I*  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (LII) 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts  01730 

11.  ABSTRACT 


The  impedance  and  radi&tion  properties  of  a  ground-wire  antenna  are  ana¬ 
lyzed  using  transmission  line  theory.  For  the  purpose  of  computing  these  prop 
erties,  considering  the  large  number  of  parameters  necessary  to  describe  the 
antenna,  a  computer  program  was  developed.  Several  sample  calculations  are 
described,  directed  towards  the  design  of  an  antenna  for  use  with  a  low  fre¬ 
quency  stepped  ionosonde. 
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The  purpose  of  this  report  is  to  provide  a  new  clarity  of  insight  into  concepts  that 
are  involved  in  the  design  and  understanding  of  devices  which  have  importance  in 
a  wide  variety  of  Air  Force  applications.  The  formulas  derived  herein  provide 
new  tools  for  clarifying  the  mode  operation  and  optimizing  the  performance  of 
devices  that  involve  dielectric  components.  The  standard  theory  of  dielectrics 
that  involves  the  vector  D  is  clarified  by  expressing  its  basic  but  implicity  assump¬ 
tion  as  an  explicit  postulate.  For  a  dielectric  sample  with  polarization  density 
P(r),  a  discussion  is  presented  concerning  the  approximation  involved  in  calcu¬ 
lating  the  external  field  of  the  sample  from  the  surface  and  volume  polarization 
charge  densities  op  -  P  •  n  and  pp  »  -  V  •  P  .  If  Es  is  the  field  generated  by  the 
surface  density  op,  it  is  shown  that  the  usual  theory  of  dielectrics  is  equivalent  to 
the  postulate  that  for  a  homogeneous  dielectric  in  an  applied  field  Ea,  the  polari¬ 
zation  is  related  to  the  field  by  P  «  xeE,  where  the  mean  field  E  is  the  sum  of 
Ea  and  Es,  and  Xe  ls  the  electric  susceptibility.  The  vector  D  is  defined  by 
D  »  E  +  4 irP,  and  this  definition  ls  shown  to  be  the  one  implicit  in  the  conventional 
but  sometimes  ambiguous  treatment.  The  field  of  conductors  embedded  in  dielec¬ 
tric  matter  ls  discussed  in  terms  of  the  present  formalism,  as  is  the  force  on, 
and  energy.density  of,  a  dielectric  body  in  an  applied  field.  The  standard  expres¬ 
sion  w  *  -  7  P  •  E  a  for  the  energy  density  w  of  polarized  matter  is  derived  from  a 
microscopic  viewpoint,  without  invoking  the  vector  D. 
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Crystals  of  high  chemical  and  mechanical  perfection  are  required  for  research 
in  electronic  devices.  The  purpose  of  the  research  reported  here  was  to  produce 
diamonds  for  use  in  the  fabrication  of  semiconducting  devices.  This  was  one  portion 
of  a  laboratory -wide  program  investigating  the  utilization  of  diamond  as  a  high 
temperature  semiconductor. 

Diamond  synthesis  is  explained  in  terms  of  crystallization  from  a  super¬ 
saturated  liquid.  The  major  driving  force  is  thermodynamic.  The  primary  condition 
for  synthesis  is  a  stable  diamond-liquid  equilibrium  in  which  the  liquid  is  composed 
of  carbon  and  certain  metal  solvents. 

Thermodynamic  expressions  are  developed  for  describing  the  pertinent  portions 
of  the  nickel-,  cobalt-,  manganese-,  and  iron-carbon  binary  systems.  Temperature- 
composition  diagrams  at  high  pressures  are  drawn  to  show  stability  relationships 
and  the  allowed  limits  for  synthesis.  The  theoretical  model  is  verified  by  an  exten¬ 
sive  ultra-high  pressure-temperature  experimental  Investigation.  Theoretical  and 
empirical  results  are  employed  in  predicting  conditions  for  producing  high  quality 
single  crystals. 
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A  mathematical  filter  for  eliminating  persistence  in  meteorological  data 
is  proposed  and  discussed.  This  filter  takes  the  form 


Vxt-*ixt-i 


Relationships  between  statistical  parameters  of  the  filtered  and  the  original 
data  are  derived  and  found  to  depend  only  on  the  value  of  pj. 

Examples  of  the  effect  of  the  filter  on  the  power  spectrum  of  various 
types  of  input  data  are  also  given. 
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A  technique  that  utilizes  a  reference  signal  of  varying  phase  for  measuring 
the  phase  of  millimeter  signals  in  free  space  is  described.  The  phase  of  the 
reference  signal  is  measured  independently  and  subtracted  from  the  total  phase 
measured  to  determine  the  desired  phase.  The  use  of  .»  varying  reference  phase 
is  necessary  because  flexible  or  movable  waveguides  whose  phase  characteristics 
can  readily  be  measured  are  not  available  at  millimeter  wavelengths.  The  theory 
of  the  technique  described  is  based  upon  the  interference  pattern  of  slowly  vary¬ 
ing  electric  fields. 
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The  need  for  high- dielectric  constant,  low- loss,  temperatu-e-  stable 
ceramic  materials  for  microwave- device  application  has  given  impetus  to  the 
study  of  various  titanate  and  oxide  mixtures.  In  the  course  of  this  research 
we  have  developed  a  material  which  has  a  temperature  frequency  coefficient 
of  530  ppm/°C  and  a  dielectric  constant  of  106,  comparable  to  the  American 
Lava  T-96  Ceramic,  but  has  a  higher  dielectric  constant.  Methods  for  mixing, 
firing,  and  aging  of  ceramic  materials,  as  well  as  microwave  measurement 
techniques,  are  presented  and  results  are  given  in  graphic  form  and  tables. 
These  results  may  be  valuable  to  workers  wishing  to  pursue  the  development 
of  zero  temperature  coefficient  materials  further. 


KEYWORDS;  Dielectric  resonators,  High  dielectric  constant 
ceramics.  Temperature  coefficient.  Temperature  stability 


DO  ’°*“ 

W  '  NOV  « 


Unclassified 

Security  CUsst/icauon 


PHYSICAL  SCIENCES  RESEARCH  PAPERS 


29 


Unclassified _ 

Sv  urity  Classification 

DOCUMENT  CONTROL  DATA  *  RLD 

(Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified) 

I  ORIGINATING  ACTIVITY  (Corporate  author)  2a.  REPORT  SECURITY  CLASSIFICATION 

Air  Force  Cambridge  Research  Laboratories  (LRA)  _ Unclassified _ 

L.  G.  Hanscom  Field  15  °"oup 

Bedford,  Massachusetts  01730 _ 

1  REPORT  TITLE 

SELF -ORTHOGONAL  CODES  OF  HALF  DIMENSION  OVER  GF(2) 

4  DESCRIPTIVE  notes  (Type  of  repon  and  inclusive  dates) 

Scientific. _ Interim. _ 

s. authorisI  (Fittt  rum*,  mddle  Mtid,  last  rune) 

Vera  S.  Pless 


l  REPORT  DATE 

28  December  1970 

I  CL  CONTRACT  OR  GRANT  NO. 


6.  PROJECT.  TASK,  WORK  UNIT  NOS.  5628"01~0l 


'''L  TOTAL  NO.  OF  PAGES  7k  NO.  OF  REFS 

_ 35 _  6 

to.  ORIGINATOR’S  REPORT  NUMVERfS; 

AFCRL-71  -0011 


c.  DOD  ELEMENT 


d.  OOO  SUBELEMENT 


6  1 102  F 


681305 


•  k  OT MEW  REPORT  ncES;  (Any  other  numbers  that  may  be 
assigned  this  report; 

^  PSRP  No.  440 


10.  DISTRIBUTION  STATEMENT 


1— This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


11.  1UPPLERENTART  ROTE* 


TECH,  OTHER 


IL  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (LRA) 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts  01730 


U.  ABSTRACT 

Self-orthogonal  codes  have  been  used  on  many  occasions  due  to  their  added 
ease  of  decoding.  In  particular,  moderate  length  self-orthogonal  codes  are  often 
needed.  This  paper  gives  a  complete  listing  of  all  self-orthogonal  codes  of  rate 
one-half  whose  length  is  between  2  and  18,  and  also  lists  all  their  properties. 
Someone  who  wants  to  use  such  a  code  can  see  what  is  available  from  the  list  and 
then  select  one  based  on  the  characteristics  listed. 
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To  improve  the  reliability  of  digital  communications  systems,  an  encoder/ 
decoder  was  designed,  constructed,  and  evaluated  for  failsafe  and  error 
correction  capabilities  under  stationary  gaussian  noise  conditions.  It  employs 
a  random  error-correcting  (73,45)  cyclic  code  in  a  binary  erasure  channel. 
The  code  is  in  the  class  of  difference  set  cyclic  codes.  Discussed  are  trade- 
otfs  between  failsafe  communication  and  efficiency  of  transmission  rate.  Also 
discussed  is  a  special  threshold  detection  technique  for  error  correction  pur- 
pcses.  included  is  a  b*Tef  description  of  the  experimental  system  and  the 
procedures  used  for  computer  evaluation.  The  work  is  an  extension  of  that 
origina*1-'!  and  first  reported  by  C.  F.  Hcbbs  (now  deceased)  in  a  1969  Air 
Force  Cambridge  Research  Laboratory  Summary  Report. 
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II.  ABSTRACT 


A  new  method  for  counteracting  the  damping  effects  of  interpolation  makes 
use  of  simple  symmetric  linear  filters.  Specifically  for  use  in  numerical 
integrations  involving  multiple  mappings  of  a  grid  network  on  a  sphere,  it  has 
been  designed  to  take  advantage  of  the  relative  simpUcity  of  map  representations 
in  numerical  integrations  and  at  the  same  time  avoid  the  instability  that  is  due 
to  incompatible  solutions  in  the  overlap  region.  Whether  or  not  the  method  will 
actually  succeed  in  this  purpose  can  only  be  determined  from  specific  experi¬ 
ments.  The  method  makes  use  of  li.iear  filtering  to  produce  a  maximum 
restoration  of  damped  amplitude,  and  may  therefore  also  be  useful  in 
generating  initial  grid  point  data  from  irregularly  spaced  station  data  as 
part  of  some  general  objective  analysis  procedure.  The  procedures  are 
general  and  may  find  application  in  such  diverse  problems  as  that  of  incor¬ 
porating  nonsynoptic  data  into  an  objective  analysis  procedure  or  in  limited- 
area  nesting  problems. 

KEYWORDS:  Interpolation,  Filter,  Amplitude  restoration. 
Damping,  Stability,  Phase  displacement 
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This  two  part  paper  investigates  the  propagation  of  light  in  the  visible  region  through  a  crystalline  medium. 

In  Part  I,  which  is  a  slightly  shortened  version  of  the  author's  doctoral  thesis  of  1912,  the  objective  is  to  determine  if  the 
anisotropic  arrangement  of  ordinary  (isotropic)  dipoles  at  the  nodal  points  of  an  orthorhombic  lattice  would  account  for  the 
existence  of  double  refraction.  The  value  of  the  computed  birefringence  is  found  to  be  comparable  to  the  observed  value. 
Additionally  some  features  of  the  traditional  "theory  of  dispersion"  are  diaclosed  and  clarified.  In  the  older  theories  the 
“incident  optical  wave”  plays  a  role  but  it  is  shown  that  in  a  medium  which  extends  to  infinity  in  all  directions  no  such  wave 
should  be  assumed:  The  refraetivity  is  shown  to  arise  as  an  internal  property  of  the  medium. 

In  Part  II,  a  crystalline  medium  is  considered  as  Tilling  a  half-space  and  having  a  plane  boundary  at  z  =  0.  A  plane  optical  wave  is 
incident  on  this  medium.  Because  of  the  linearity  of  the  equations  it  has  to  be  superimposed  on  the  Held  originating  in  the 
crystal.  It  ia  shown  that  this  incident  optical  wave  is  actually  prevented  from  entering  the  crystal  because  of  the  modification 
produced  in  the  field  of  the  crystal  by  the  introduction  of  a  boundary.  Boundary  waves  are  found  to  exist  on  both  sides  of  the 
boundary.  The  higher  their  order,  the  more  rapidly  they  attenuate  as  a  function  of  distance  away  from  the  boundary  but  the 
aero  order  waves  are  ordinary  undampted  plane  waves  of  vacuum  velocity  c.  The  fields  outside  and  inside  the  medium  are 
connected  by  the  Fresnel  formulae:  These  follow  from  the  condition  that  the  optical  field  inside  the  medium  and  the 
oscillations  generated  there  form  a  self-consistent  system. 

Material  Added  1970.  The  conclusion  that  the  incident  optical  field  cannot  penetrate  the  crystal  boundary,  together  with  a 
similar  conclusion  in  a  paper  by  Oseen,  is  the  basis  of  the  Ewald-Oseen  Extinction  Theorem. 

The  ume  methods  and  field  transformations  developed  in  this  two  part  paper  were  applied  in  two  later  papers  which  were 
published  as  Parts  III  and  IV.  These  extend  the  treatment  to  the  passage  of  X-rays  through  crystals.  “Postscript  1970"  published 
here  indicates  the  relationship  of  these  four  parts  and  further  developments  of  the  subject  as  well  as  referencing  the  papers  noted 
above. 
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optic  crystals,  and  ultrasonic  light  diffraction  solid  media  are  described.  The 
present  status  of  crystal  growth  by  the  pulling  method  is  discussed,  and  rela¬ 
tions  between  the  growth  conditions  and  defects  in  the  obtained  crystals  are 
stressed.  The  necessary  steps  in  the  process  of  device  fabrication  are 
analyzed,  and  some  important  factors  such  as  phase  diagram  information, 
domain  structure  in  oxide  ferro-electrics,  and  laser  damage  susceptibility  are 
pointed  out.  Some  theoretical  treatments  of  oxide  ferroelectric  crystals  useful 
for  materials  scientists  are  reviewed. 
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ii.  abstract  Earlier  studies  of  ionospheric  scintillations  outlined  the  lower 
boundary  of  the  high-latitude  region  where  intense  scintillations  at  40  MHz  were 
observed.  The  quiet-day  scintillation  boundary  reached  a  lower  position  of  57° 
invariant  latitude  at  2200  LT.  Dyson's  (1969)  recent  observations  with  a 
Langmuir  probe  have  verified  the  existence  of  a  lower  latitude  boundary  of  small- 
scale  irregularities.  The  boundary  concept  has  been  extended  to  include  the  effect 
of  magnetic  storms.  Observations  of  satellite  beacon  signals  at  40  and  54  MHz 
during  1961  to  1966  indicate  that  the  mean  change  in  the  lower  boundary  latitude 
of  the  irregularity  region  is  a  decrease  of  approximately  1.6°  per  unit  change  in 
local  K  index.  This  is  quite  similar  to  the  change  of  1.8°  per  unit  change  in  Kp 
noted  for  the  trough  position  by  Rycroft  and  Thomas  (1970).  In  examining  the 
data  available  from  high -inclination  and  synchronous  satellites,  it  was  noted  that 
the  change  in  latitude  with  K  index  is  a  function  of  time.  The  maximum  change  of 
latitude  as  a  function  of  K  index,  approximately  2°  to  3°  per  unit  K,  occurred 
between  0300  and  0600  LT;  the  minimum  change,  about  1°  per  unit  K,  occurred 
over  a  broad  interval  from  1600  to  0200  LT.  If  the  irregularity  structure  is 
produced  by  an  interaction  of  the  plasmapause  with  the  ionosphere,  the  morpho¬ 
logic  behavior  of  this  region  of  the  magnetosphere  can  be  studied  by  reviewing 
the  large  inventory  of  scintillation  and  spread  F  data  that  has  been  amassed  in 
the  course  of  ionospheric  research. 
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>3.  ABSTRACT 


The  Flying  Ionospheric  Laboratory,  a  NKC-135  jet  aircraft  of  the  Air  Force 
Cambridge  Research  Laboratories,  made  during  the  winter  of  1969-1970  four 
flights  which  examined  the  continuity  of  the  auroral  oval.  Two  passed  completely 
around  the  oval;  two  covered  the  afternoon-evening  half  of  the  oval.  The  all -sky 
camera  photographs  taken  during  these  flights  strongly  suggest  that  the  auroral 
oval,  defined  as  the  band  of  visible  auroral  arcs,  is  under  moderately  disturbed 
magnetic  conditions  (ZKn>10)  a  continuous  band  around  the  geomagnetic  pole. 
Under  quiet  conditions  (L'Kp<10)  discontinuities  in  the  occurrence  of  au  ra  in  the 
oval  were  observed  in  the  morning,  noon,  and  evening  sector.  Discontinuities  in 
the  morning  sector  were  of  temporal  nature,  the  discontinuities  in  ihe  noon  and 
evening  sector  could  be  either  temporal  or  spatial. 
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13.  ABSTRACT 


A  study  of  19-GHz  (1.58-cm)  solar  radio  bursts  recorded  at  the  Slough 
Solar  Radio  Observatory  from  July  1967  to  June  1969  suggests  that  they  can  be 
used  as  reliable  indicators  of  proton  events  and  of  PCA's  provided  that  (a)  the 
peak  flux  increase  during  the  burst  is  >50%of  the  pre-burst  values,  and  (b)  that 
the  flux  enhancement  is  >10%  for  longer  than  5  min.  The  warning  period,  from 
the  time  of  the  burst  to  the  arrival  of  the  first  detectable  protons  in  the  vicinity 
of  the  earth,  ranges  from  tens  of  minutes  to  several  hours.  There  is  a  further 
delay  of  three  or  more  hours  to  the  time  of  maximum  proton  flux.  Since  only  one 
frequency  is  involved,  a  proton  warning  solar  radiometer  could  be  fitted  to  any 
aeroplane,  satellite,  or  spacecraft  to  supplement  ground  observations. 
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11.  ABSTRACT 


The  total  energy  in  fixed- frequency  solar  microwave  bursts  that  exceed 
certain  threshold  values,  when  normalized  in  terms  of  the  peak  intensity  of  the 
burst,  is  a  much  better  guide  to  the  intensity  of  associated  solar  proton  fluxes 
than  either  the  peak  burst  intensity  itself  or  the  total,  un-normalized,  energy 
produced  in  the  burst. 
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13.  ABSTRACT 


The  mean  motion  of  particles  in  a  thunderstorm  anvil  has  been  measured  at 
various  heights  and  elevation  angles  by  Doppler  radar,  using  the  velocity- 
azimuth  scanning  mode  of  Lhermitte  and  Atlas  with  the  harmonic  analysis  scheme 
of  Browning  and  Wexler.  An  error  analysis  indicated  that  the  measurement 
accuracy,  even  at  elevation  angles  as  high  as  80°,  is  comparable  to  the  inherent 
radar  resolution  of  0. 9°  in  direction  and  0. 6m  sec~*  in  speed.  The  scale  of 
temporal  and  spatial  variability  of  wind  at  anv'l  height  was  more  than  an  order 
of  magnitude  greater  than  the  errors;  consequently,  the  measurements  of  anvil 
winds  obtained  by  Doppler  radar  are  considered  to  be  significantly  informative. 
Estimates  of  divergence,  on  the  other  hand,  were  quite  unreliable  at  elevation 
angles  >50°  and  not  especially  trustworthy  at  any  of  the  smaller  elevation  angles. 
All  measurements  of  divergence,  however,  showed  a  trend  of  increase  w  ith 
greater  height  in  the  anvil.  Pronounced  anomalies  in  the  measured  wind  com¬ 
ponents,  with  respect  to  the  components  required  by  d.  mean  anvil  flow,  provide 
a  rough  map  of  the  intense,  upper  level  outflow  of  the  thunderstorm. 
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A  study  of  p-type  silicon  shows  that  (1)  the  annealing  temperature  of 
electron-irradiation  damage  increases  as  the  acceptor  concentration  inert  ,es 
and  (2)  the  isochronal  annealing  behavior  of  damage  in  samples  with  gallium  and 
aluminum  impurities  is  different  from  that  in  boron-containing  samples,  which 
show  a  higner  annealing  temperature. 


KEYWORDS;  Radiation  effects,  p-type  silicon.  Annealing,  isochronal 
Electron  irradiations 


do  ,  u73 


Unclassified 

Security  Classification 


JOURNAL  ARTICLES 


55 


Unclassified 

Security  Classification 


DOCUMENT  CONTROL  DATA  -  RAD 

(Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified ) 

1.  ORIGINATING  ACTIVITY  (Corporate  author) 

Air  Force  Cambridge  Research  Laboratories  (LWW) 
L.G.  Hanscom  Field 

Bedford,  Massachusetts  01730 

2a  REPORT  SECURITY  CLASSIFICATION 

Unclassified 

2k  GROUP 

3.  REPORT  TITLC 

EFFECT  OF  AXIAL  RATIO  CHANGES  ON  THE  ELASTIC  MODULI  AND 
GRUNEISEN  y  FOR  LOWER  SYMMETRY  CRYSTALS 

4.  DESCRIPTIVE  notes  (Type  of  report  and  inclusive  dotes ) 

Scientific.  Interim. 

S.  AUTHORlS)  (First  nar\e,  middle  initial,  last  name) 

E.S.  Fisher 

M.  H.  Manghnani 

«.  REPORT  DATE 

February  1971 

7a  TOT  AL  NO.  OF  PAGES  7k  NO-  OF  REFS 

_ 4 _ 12 _ 

0a  CONTRACT  OR  GRANT  NO. 

b.  PROJECT.  TASK.  WORK  UNIT  NOS.  7639*01 “01 

c.  OOO  ELEMENT  62101F 

<L  DOO  SUBELEMENT  681000 

9a  ORIGINATOR’S  REPORT  HUMBERTS; 

AFCRL -71-0102 

tk  OTHER  REPORT  H&S)  (Any  other  numbers  that  may  be 
assigned  Uus  report ) 

K>.  DISTRIBUTION  STATEMINT 

1— This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 

II.  subblbmimtaby  noth 

Reprinted  from  Journal  of  Applied 
Physics,  Vol.41,  No.  13,  pp.  5059-5062, 
December  1970. 

IE  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (LWW) 

L.G.  Hanscom  Field 

Bedford,  Massachusetts  01730 

13.  ABSTRACT 


Gerlich  has  shown  that  Sheard's  model  for  calculating  mode  y's  from 
hydrostatic  pressure  derivatives  of  the  elastic  moduli  of  hep  Mg  and  Cd  yields 
Gruneisen  y's  at  both  high  and  low  temperatures  that  are  in  good  agreement  with 
tiie  y's  derived  from  thermal -expansion  measurements.  For  hep  Ti  and  Zr, 
however,  large  differences  arise,  primarily  from  very  small  values  for 
dC44/dP.  It  is  proposed  that  these  small  values  are  caused  by  the  changes  in 
c/a  ratio  with  hydrostatic  pressure  because  of  a  large  dependence  of  C44  on  the 
c/a  ratio.  The  disagreement  with  thermal-expansion  data  can  be  removed  by 
taking  into  account  the  difference  in  d(c/a)/dV  between  hydrostatic-pressure  and 
thermal-expansion  conditions.  The  effect  of  A(c/a)  is  not  found  in  tetragonal 
Ti02,  rutile,  whereyH  is  in  excellent  agreement  with  the  thermal  expansion  yoo. 


KEYWORDS:  Elasticity,  Gruneisen  parameter.  Thermal  expansion 


DO  1473 

V  t  MOV  U  J 

Unclassified 


Security  CUuificaiion 


56 


JOURNAL  ARTICLES 


, .Unclassified  - 

Security  Classification 


DOCUMENT  CONTROL  DATA  •  RAD 

(Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  he  e  ueu  i  when  the  overall  report  is  classified) 

1.  ORIGINATING  ACTIVITY  (Corporate  author) 

Air  Force  Cambr;dge  Research  L.  oratories  (PHF) 
L.G.  Hanscom  Field 

Bedford,  Massachusetts  01730 

2 CL  REPORT  SECURITY  CLASSIFICATION 

UnclassSified 

2b,  GROUP 

1.  REPORT  T»Tl  E 


pH-INDUCFD  REVERSIBLE  CHANGES  IN  THE  ABSORPTION  SPECTRUM  AND 
PHOTOACTIVITY  OF  BACTERIOCHLOROPHYLL  IN  PHOTOSYNTHETIC 
BACTERIA  CH.RO.MATCLPHQRE1S - - - - - - - 

4  descriptive  NOTES  (Type  of  report  and  inclusive  dates  l 

Sc  ie  ntj.fi  c . _ Inte  rim _ 

5.  ao T HO R(St  ( First  name,  ruddle  initial,  last  name) 

Eiji  Fumimori 


6.  REPORT  DATE 

February  1971 

7a.  TOTAL  NO.  OF  PAGES 

3 

80.  CONTRACT  OR  GRANT  NC. 

b.  PROJECT,  TASK.  WORK  UNIT  NOS.  86f>S“C3“0l 

C.  DOD  ELEMENT  61102F 

d.  OOO  SUBELEMENT  881300 

9a.  ORIGINATOR'S  REPORT  HUMBERTS; 

AFCRL-71-0103 

i  other  REPORT  NQTS;  (Any  other  numbers  that  may  be 
assigned  this  report ) 

_ L 

10.  DISTRIBUTION  STATEMENT 


1— This  document  has  been  approved  for  pu  Tie  release  and  sale; 
its  distribution  is  unlimited. 


It.  SUPPLEMENTARY  NOTES 

Reprinted  from  Biochimica  e* 
Biophysica  Acta,  Vol.223,  pp. 444-446, 
1970. 


12.  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (PHF) 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts  01730 


13.  \8STRACT 


The  photoactivity  of  active  bacteriochlorophyll  and  the  absorption  spectrum 
of  bacteriochlorophyll  absorbing  at  800  nm  are  temporarily  lost  at  low  pH  but 
partially  regenerated  by  increasing  the  pH  within  a  certain  time  limit.  This 
pH -induced  modification  and  regeneration  of  these  bacteriochlorophyll  molecules 
indicate  the  contribution  of  protein  conformation  in  their  environment  to  their 
spectral  and  photoactivity  characteristics. 


KEYWORDS:  Absorption  spectrum.  Photoactivity,  Bacteriochlorophyll, 
Bueteriopheophytin,  Protein  convermation 


00  FC',M  M73 

1  NOV  «S 


Unclassified 

S«c  ty  Classification 


JOURNAL  ARTICLES 


57 


Unclassified 


Security  CI»nific»tior. 


DOCUMENT  CONTROL  DATA  •  R&D 

f Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified) 


I.  ORIGINATING  activity  (Corporate  mtlhor) 

Air  Force  Cambridge  Research  Laboratories  (LKC) 
L.G.  Hanscom  Field 

Bedford,  Massachusetts  01730  _ 


2a.  REPORT  SECURITY  CLASSIFICATION 

Unclassified 

2b  GROUP 


3.  REPORT  TITLE 

THE  H-NO  CHEMILUMINESCENCE  USING  ADIABATIC  ALLY  EXPANDED  NO 


4.  oescriptive  notes  ( Type  of  report  and  inclusive  dates) 

Scientific.  Interim.  _ 


5.  authorIS)  (First  none,  middle  initial,  last  none) 

D.Golomb 
G.  L.  Dyer 
D.  F.  Kitrosser 


6.  REPORT  DATE 

January  1971 

7a  TOTAL  NO.  OF  PAGES 

4 

2b,  NO.  OF  REFS 

7 

»<L  CONTRACT  OR  GRANT  NO. 

k.  PROJECT.  TASK,  WORK  UNIT  NOS.  7635-14-01 

C.  OOO  ELEMENT  62  11  IF 

i  OOO  SUBELEMENT  681300 

9U.  ORIGINATOR’S  REPORT  NUMBER^ 

AFCRL-7 1-0034 

9 6.  OTHER  REPORT  NOf S)  (Any  other  numbers  that  may  be 
assigned  this  report) 

10.  DISTRIBUTION  statement 


1— This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


IJ.  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (LKC) 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts  01730 


II.  SUPPLEMENTARY  NOTES 

Reprinted  from  Chemical  Physics 
Letters,  Vol.  5,  No.  2,  pp.  101-104, 
1  March  1970. 


13.  ABSTRACT 

Nitric  oxide  has  been  expanded  from  a  high-pressure  reservoir  against  a 
supersonic  stream  of  hydrogen  atoms  in  an  inert  carrier.  A  chemiluminous 
headglow  was  observed  in  which  the  emission  intensity  exceeded  by  three  orders 
of  magnitude  the  intensity  of  the  afterglow.  The  spectrum  consists  of  the 
vibronic  bands  of  the  1A"  -  ^A'  transition. 


KEYWORDS:  Chemiluminescence,  HNO,  Atomic  oxygen.  Nitric  oxide 


DO  F0,,M  M73 

I  NOV  85 


Unclassified 


Security  Classification 


58 


JOURNAL  ARTICLES 


Unclassified 

Security  Classification 

_________________  DOCUMENT  CONTROL  DATA  •  R&D 

(Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified ) 


a  REPORT  TITLE 

SOLAR  RADIATION  IN  THE  EXTREME  ULTRAVIOLET  AND  ITS  VARIATION 
WITH  SOLAR  ROTATION 

«.  descriptive  notes  (Type  of  report  and  inclusive  dates) 

Scientific. _ Interim. _ _ _ 

5.  AUTHORISE  (First  name,  middle  initial,  last  none .* 

L. A.  Hall 
H.E.  Hinteregger 


10.  distribution  statement 


1— This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


13.  ABSTRACT 

Measurements  of  solar  extreme  ultraviolet  radiation  in  the  wavelength 
range  1310-270  A  have  been  made  from  the  satellite  Oso  3.  The  flux  variation 
over  a  solar  rotation  period  was  obtained  for  emission  lines  representing 
elements  in  various  stages  of  ionization.  Since  no  correction  need  be  made  for 
atmospheric  absorption,  the  accuracy  of  these  results  is  superior  to  the  accuracy 
of  the  results  we  previously  obtained  wjth  similar  instrumentation  aboard 
rocket  vehicles. 
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IS.  ABSTRACT 

Using  an  independent  derivation  by  Kohn,  the  full  meaning  of  Kato's 
formulas  for  upper  and  lower  bounds  to  eigenvalues  of  a  Hermitian  operator  is 
shown.  These  bounds  are  the  best  possible  when  the  only  information  available 
on  a  particular  eigenvalue  problem  is  a  suitable  trial  function  and  an  estimate 
of  the  neighboring  eigenvalues  to  the  one  in  question.  This  was  asserted  by  Kato 
but  not  proved.  A  comparison  is  made  of  Kato's  bounds  with  those  derived  in 
papers  by  Stevenson  and  Crawford  and  by  Cohen  and  Feldmann.  Under  the  con¬ 
ditions  which  result  in  Kato's  bounds  it  is  shown  that  the  Stevenson-Crawford 
and  Cohen-Feldmann  bounds  reduce  to  those  of  Kato.  When  more  information  is 
available  these  bounds  are  an  improvement  upon  Kato's.  This  makes  more  pie- 
cise  the  recent  work  of  Walmsley  and  Cohen-Feldmann,  whose  results  appear  to 
prove  in  general  the  greater  accuracy  of  the  Stevenson-Crawford  and  Cohen- 
Feldmann  bounds  over  those  of  Kato.  A  general  discussion  of  all  three  sets  of 
bounds  is  given  in  terms  of  the  parameter  X  appearing  in  the  Stevenson-Crawford 
formulation. 
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The  vaporization  of  Na20(c)  has  been  studied  mass  spectrometrically.  It 
was  found  that  the  vaporization  yields  primarily  Na(g)  and  02(g),  with  NaO(g) 
and  Na2CKg)  being  minor  vapor  constituents.  From  equilibria  involving 
Na20(c),  Na20(g),  Na(g),  NaCXg),  and  0,,(g),  it  was  possible  to  measure 
AHf?98°[NaO(g)]  =  24.  3±4  keal/mol  and  AHf298°[Na20(g)]  =  -9.9±3  kcal/mol. 
These  values  yield  DQ°(NaO)  =  60.3±4  kcal/mol  (2.61±0.20  eV)  and  Dp°(Na20) 
119.  8±3  kcal/mol  (5.20±0. 15  eV).  The  appearance  potentials  of  NaO  and 
Na20+  were  measured  and  found  to  be  6.5±0.7  and  5. 5 ±0.5  eV,  respectively. 
These  appearance  potentials  are  suggested  to  be  close  to  the  true  ionization 
potentials  of  the  molecules.  Implications  of  these  results  regarding  some 
recent  beam  experiments  are  briefly  discussed. 
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A  Two-step  ionization  and  excitation  model  is  proposed  as  an  alternative 
mechanism  to  the  commonly  accepted  direct-excitation  one  for  the  generation  of 
ionic  meteor  spectra,  A  near-resonance  criterion  is  invoked  to  indicate  when 
this  mechanism  is  expected  to  predominate.  The  implications  of  the  model  are 
calculated  in  a  slip-flow  "threshold"  approximation.  That  is,  first  and  second 
collisions  of  atmospheric  molecules  as  well  as  first  collisions  of  vapor  atoms 
are  taken  into  account.  Qualitative  agreement  with  observations  is  obtained.  The 
model  is  then  applied  specifically  to  the  example  of  the  bright  Ca  II  spectra, 
which  art  enhanced  by  this  mechanism  over  the  direct-excitation  mode. 
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U.  ABSTRACT 


The  spectral  dependency  and  polarization  were  measured  for  visible  light 
scattered  from  polydisperse  distributions  of  ice  crystals  grown  in  a  laboratory 
cold  chamber. 

Within  the  limits  of  experiment  accuracy,  there  was  no  discernable 
spectral  variation  in  the  shape  of  the  scattering  diagram.  The  polarization  was 
small  but  discernable,  having  a  negative  value  in  the  region  of  the  22°  halo  and  a 
broad  positive  peak  near  115®. 
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A  mechanism  is  proposed  for  the  formation  of  ice  fog  particles  in  the  city 
and  environs  of  Fairbanks,  Alaska.  Equations  are  developed  for  calculating  the 
size  distribution  resulting  from  growth  by  deposition  of  water  vapor.  The  equa¬ 
tions  are  numerically  solved  with  a  computer  for  three  major  types  of  ice  fog 
sources:  (1)  automobile  exhaust,  (2)  exhaust  from  heating  plants,  and  (3)  open 
water.  The  size  distribution  produced  by  an  individual  source  is  determined  by 
the  cooling  rate  of  water  vapor  injected  into  the  environment.  The  cooling  rate  is 
a  function  of  the  source  characteristics  and  the  ambient  temperature.  The  pro¬ 
posed  mechanism  adequately  represents  the  observed  size  distribution  if  the 
cooling  rate  cf  the  water  vapor  injected  into  the  environment  is  not  too  large 
(source  types  2  and  3).  Because  of  the  large  cooling  rate  of  the  water  vapor 
injected  into  the  atmosphere  by  source  type  1,  the  size  distribution  from  this 
source  is  not  adequately  represented  by  the  model.  In  agreement  with  observa¬ 
tions,  the  computational  results  predict  a  decrease  in  the  size  of  ice  fog 
particles  with  decreasing  ambient  temperature  for  source  types  2  and  3. 
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13.  ABSTRACT 


Photoionization  of  the  metastable  0£(^^g)  molecule  has  been  proposed  as  an 
important  source  of  ionization  in  the  D  region.  The  wavelength  region  of  interest 
is  from  1027  to  1118  A,  where  ground  state  C>2  is  the  primar  y  absorber  of  the 
incident  solar  flux  but  is  not  ionizer!  itself.  This  paper  presents  improved  ion 
production  rates  based  on  new  laboratory  data,  including  new  C^i^Ag)  photoioniza 
tion  cross  sections  and  more  detailed  curves  in  several  ground  state  O 2  windows. 
Recent  solar  flux  measurements  reduce  the  continum  intensity  by  about  a  factor 
of  5.  This  reduction  is  partly  compensated  by  including  in  the  calculations  the 
Si  IIJ  multiplet,  which  is  at  the  deepest  O2  window  (1108.2  A,  minimum  cross 
section  =  4.4X10~21  cm^)  and  by  the  new  ionization  cross  sections,  which  are 
generally  larger  than  the  previously  assumed  values.  An  important  factor  not 
previously  considered  is  absorption  by  carbon  dioxide,  which  has  a  much  larger 
absorption  cross  section  than  ground  state  O2  throughout  this  region.  The  ground 
level  mixing  ratio  has  been  assumed.  The  ion  production  rates  are  somewhat  less 
than  Hunten  and  McElroy's  [1968]  curves  if  CO2  is  not  included.  With  CO2,  a 
production  rate  of  1  ion  cm~3  sec’*  is  reached  at  approximately  80,.  04,  and  86km 
for  zenith  angles  of  0°,  45°,  and  60°,  respectively,  ''unten  and  McElroy  find  this 
rate  to  be  10  to  15  km  lower.  Concentrations  of  Oy  are  calculated  for  a  zeni.h 
angle  of  45°  for  a  variety  of  conditions,  including“a  dry  atmosphere  and  an 
atmosphere  with  5  ppm  i^O. 
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A  device  for  selecting  any  two  small  areas  in  a  telescope  image  plane, 
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optical  mechanical  chopper  is  described. 
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13.  ABSTRACT 

I  find  that  a  one-dimensional  strong  coronal  shock  (Ms>  3)  will  grow  outward 
until  the  Mach  number  (Ms)  ceases  to  increase  with  height  TdMs/dh=0).  The  shock 
is  driven  by  the  pressure  gradient  and  it  is  damped  by  gravity  and  by  energy 
losses  (radiative  and  conductive).  The  driving  and  damping  terms  reach 
equilibrium  for  Mg~  4. 

Standard  shock  jump  conditions  for  Ms  —4  lead  to  post-shock  temperatures 
in  the  corona  in  the  r^nge  107  to  1.  3X10‘K  and  emission  measures  from 
3.8X1047  to  S.SXIO^S  Cm~3.  For  isolated  simple  events,  I  predict  an  exponen¬ 
tial  decay  of  the  emission  measure  with  decay  times  in  the  range  1<  r<_  6.5  min. 

In  a  detailed  study  of  over  4000  X-ray  bursts,  Drake  (1970)  compares 
1  to  6  keV  X-ray  data  with  7.7  to  12.5  keV  X-ray  data  (the  'thermal'  component) 
and  finds  ranges  for  the  temperatures  of  1.2X  107  to  1.  8  X  107K,  for  the 
emission  measures  of  5.1  X  1047  to  3.8X  1048  Cm'3  and  for  the  decay  times 
0.5  <  t  <  20  min.  He  also  finds  that  the  emission  measure  varies  ". .  .both  from 
event  to- event  and  within  the  event,  by  more  than  a  factor  of  two". 

The  agreement  between  the  predictions  and  the  observations  mak^s  it  appear 
that  a  strong  shock  in  the  corona  will  produce  a  post-shock  state  that  yields  the 
observed  characteristics  of  the  soft  component  of  X-ray  bursts  (the  'thermal' 
X-rays). 

I  give  several  examples  where  sprays  and  fast  eruptive  prominences(Mc:  1), 
that  are  not  associated  with  solar  flares,  are  associated  with  'thermal'  X-ray 
bursts.  There  were  two  slow  eruptive  Drominences  (M  «  1)  in  the  sample,  and 
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We  consider  the  effect  that  coherent  motion  has  on  the  observed  brightness 
of  moving  clouds  above  the  photosphere.  We  find  that  steady  state  clouds  (constant 
Ne  and  Te)  that  are  moving  perpendicular  to  the  line  of  sight  will  appear  brighter 
in  Ha  for  speeds  between  8  and  100  km/ sec  and  dimmer  for  speeds  greater  than 
135  Icm/sec.  The  brightening  and  dimming  are  due  to  apparent  Doppler  shifts  of 
the  respective  Ha  absorption  and  the  Lyman-a  emission  profiles  ’seen1  by  the 
absorption  profile  of  the  moving  cloud. 

We  apply  this  analysis,  along  with  optical  depth  and  geometrical  considera¬ 
tions,  to  the  observed  brightness  variations  of  the  1  March  1969  limb  eruptive 
prominence.  We  find  that  all  of  the  observed  brightening  and  dimming  can  be 
explained  by  the  motions,  and  that  no  significant  change  in  the  prominence  Ne  or 
Te  was  necessary  during  the  observed  Ha  event.  This  conclusion  is  significant  in 
interpreting  and  X-ray  burst  that  began  as  the  prominence  velocity  increased 
abruptly  at  the  time  of  maximum  Ha  intensity.  The  ’thermal  X-ray’  peak 
occurred  150  sec  later  when  the  prominence  had  become  faint  again.  There  was  nc 
associated  flare  that  was  visible  in  Ha.  We  discuss  the  relative  brightness  of  Ha 
and  D3  in  a  specific  moving  prominence  knot. 

We  note  that  the  observed  range  of  limb  speeds  (30-150  km/sec)  may  be  due 
to  the  combined  Ha  Doppler  brightening  and  Lyman-a  dimming  effects.  We  also 
discuss  generally  the  Ha  brightness  of  disk  surges  (bright  and  dark)  and  flares, 
and  sprays  and  puffs  that  occur  at  or  near  the  limb. 
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Needle-shaped  single  crystals  of  2H  (wurtzite  type)  SiC,  grown  by  a  vapour- 
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j  Infrared  spectra  have  been  acquired  under  simulated  lunar  conditions  that 
demonstrate  that,  contrary  to  popular  belief,  features  of  high  spectral  contrast 
are  available  for  small -particle-size  samples.  The  spectral  information  occurs 
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effect  is  explained  in  terms  of  the  sharp  thermal  gradients  produced  close  to  the 
surface  under  lunar  conditions. 
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IS.  ABSTRACT 


The  times-of-flight  of  reactant  and  product  ions  from  some  low  energy  ion- 
neutral  reactions  are  measured  using  a  longitudinal  double  mass  spectrometer 
system.  This  system  consists  of  a  2.  54  cm  90  degree  magnetic  sector  ion  beam 
selector,  a  collision  chamber  and  grid  system,  and  a  46  cm  quadrupole  mass 
filter,  together  with  a  multichannel  scaler,  operated  at  dwell  times  of  50  nanosec 
per  channel,  that  serves  as  a  flight-time  recorder.  Reactant  ions  are  produced  as 
a  pulsed  beam  by  applying  0. 1  to  1.0  microsec  pulses  to  an  electron  control  grid. 
The  time-of-flight  of  these  ions  to  the  collision  chamber  is  obtained  by  measuring 
the  delay  between  the  pulse  on  the  electron  control  grid  and  pulse  applied  to  a  grid 
close  to  the  collision  chamber  used  to  stop  tliL.  reactant  ion  beam.  Times -of -flight 
of  the  reactant  and  product  ions  through  the  collision  chamber,  grid  system,  and 
mass  filter  are  then  obtained  by  difference.  The  apparatus  has  been  used  to  study 
ion-neutral  reactions  in  the  range  of  reactant  ion  energies  from  0.3  to  250  eV  and 
of  product  ion  energies  from  thermal  to  about  150  eV.  Consideration  of  the  source 
of  error  indicates  that  the  system  is  most  useful  for  the  range  of  ion  energies 
from  thermal  to  a  few  tens  of  eV.  Results  obtained  in  the  study  of  three  ion- 
neutral  reactions  are  presented .  These  are  Ar+  +  Ar-*Ar+Ar*,  COt  +  COo-rCC^ 
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H.  ABSTRACT 

A  method  has  been  developed  of  deriving  the  fundamental  absorption  spectra 
of  solids  directly  from  experimental  infrared  data  without  having  to  resort  to 
computational  evaluation.  These  characteristic  lattice  absorption  spectra 
irepresent  the  true  energy  absorption  spectra  of  solids.  As  opposed  to  the  tra¬ 
ditional  absorption  coefficient  (k)  vs  frequency  curve,  which  is  regarded  as  the 
absorption  spectrum  for  solids  in  the  region  of  anomalous  dispersion,  the  spectra, 
as  derived  by  the  proposed  method,  clearly  resolve  the  transverse  and  longitudinal 
modes  of  vibration.  They  also  exhibit  the  characteristics  of  anharmonicity  and 
damping.  The  method  uses  the  combined  reflection  and  transmission  data  on 
single-crystal  and  thin-film  specimens.  Its  validity  has  been  verified  on  a  wide 
variety  of  solids.  The  most  recent  data  obtained  from  emission,  laser-Raman, 
or  cold  neutron  scattering  techniques,  is  in  complete  agreement  with  the  derived 
values.  A  method  of  calculating  the  various  modes  of  vibration  of  solids, 
directly  from  elastic  constants,  is  also  advanced.  It  is  simultaneously  used  to 
render  further  support  for  the  developed  characteristic  energy  absorption  spectra. 
The  importance  of  these  spectra  is  discussed  with  regard  to  some  problems  in 
solid  state  physics. 
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13.  ABSTRACT 


The  damping  of  lattice  vibrations  in  solid  compounds  is  treated  using  kinetic 
theory  analogous  to  damping  in  gases.  It  is  based  on  the  collision  frequency  of 
atoms,  taking  into  consideration  the  atomic  coordination  due  to  the  crystalline 
structure,  the  cross  section  of  collision,  the  radius  ratio  of  the  component  atoms 
(atomic  size  factor),  as  well  as  an  anharmonic  factor  which  is  an  expression  for 
the  anharmonicity  of  lattice  vibrations.  A  semiempirical  formulation  is  derived 
without  need  for  constants  fitted  to  experimental  data.  This  formulation  of  damp¬ 
ing  is  shown  valid  for  more  than  eighty  solids,  mostly  binary  compounds,  also 
some  ternary  compounds  and  elements.  They  may  have  either  ionic  or  covalent 
or  metallic  binding.  They  cover  ten  different  structures  and  valencies  from  one 
through  four.  In  addition,  a  close  relationship  is  shown  between  damping  and 
thermal  expansion  as  a  function  of  temperatures.  Based  on  this  relationship,  the 
temperature  dependence  is  empirically  expressed  by  an  exponential  function  of 
the  coefficient  of  thermal  expansion.  This  function  agrees  with  the  variation  of  .r 
energy  absorption  vs  tenmeratures.  The  complete  damping  formulation  is  shown 
valid  tor  the  entire  temperature  range  of  solids,  from  absolute  zero  to  the  melt¬ 
ing  point,  for  a  variety  of  solids  for  which  all  pertinent  data  were  on  hand. 
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!J.  ABSTRACT 


An  exact  longitudinal  wave  solution  of  nonlinear  equations  for  a  cold  and 
collisionless  one-fluid  magneto  plasma  has  been  obtained.  The  wave  is  found  to 
be  anharmonic  (non-sinusoidal)  in  form  and  its  amplitude  involves  an  arbitrary 
parameter.  By  means  of  a  pseudopotential  well,  the  domain  of  nonlinear 
oscillations  is  defined  and  the  maximum  amplitude  up  ;o  which  a  nonlinear  wave 
can  grow  is  determined.  Intensity  of  th'  equatorial  sporadic-E  irregularities  is 
-omputed  and  the  coherent  energy  density  is  found  to  be  of  the  order  of 
10"”  erg/ ern^ . 
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IS.  ABSTRACT 


A  theory  of  hydromagnetic  propagation  is  developed  for  the  case  in  which  the 
isotropic  and  guided  modes  are  coupled.  The  hydromagnetic  wave  equation,  in¬ 
cluding  ioncyclotron  terms,  is  derived  and  is  applied  to  the  cylindrical  geometry 
of  the  MHD  wedge.  The  low  frequency,  axisymme.tric  case,  which  corresponds 
to  weak  coupling  is  considered  in  detail.  A  steady  state  solution  is  obtained  which 
involves  the  formation  of  a  period -dependent,  reflecting  barrier.  This  barrier, 
a  direct  result  of  the  toroidal  resonance,  confines  the  wave  energy  tc  definite 
regions  within  the  magnetized  plasma.  The  numerical  results  obtained  for  this 
particularly  tractable  model  are  applied  by  analogy  to  the  plasmasphere.  The 
anticipated  spectra  and  the  associated  latitude  effects  are  displayed  for  both 
bounded  and  open  systems. 


KEYWORDS:  Hydromagnetic  waves,  Magneto  sphere.  Resonances 


DO  '0,w  1473 

1  NOV  U 


Unclassified 

Scturtcv  Cla  sli.icAtion 


78 


JOURNAL  ARTICLES 


Unclassified 

Security  Classification 


DOCUMENT  CONTROL  DATA  ■  RAD 

(Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified J 

1.  ORIGINATING  ACTIVITY  (Corporate  author) 

Air  Force  Cambridge  Research  Laboratories  (LII) 

L.G.  Hanscom  Field 

Bedford,  Massachnetts  01730 _ _ 

GROUP 

3  REPORT  TITLE 


A  UNIFIED  DESCRIPTION  OF  THE  TIDAL  EFFECTS  IN  fQF2 


4  DESCH1P'  ivE  NOTES  ( Type  of  report  and  inclusive  dates) 

Scientific.  Interim. 

*>.  AUTHQPIS)  (hirst  newne,  middle  initial,  last  name) 

C.  M.  Rush 

D.  E.  St.  John 

S.  V.  Venkateswaran 

ft.  REPORT  DATE 

January  1971 

70.  total  no.  of  pages 

16 

80.  CONTRACT  OR  GRANT  NO- 

b.  PROJECT,  TASK,  WORK  UNIT  NOS-  5631-11“01 

C,  DOD  ELEMENT  61102F 

<L  OOO  SUBELEMENT  681300 

90.  ORIGINATOR’S  REPORT  NLMBEWS; 

AFCRL-7 1-0053 

9b.  other  .REPORT  H&S)  (Arty  other  numbers  that  may  be 
assignea  this  report ) 

K>.  DISTRIBUTION  STATEMENT 

1— This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 

II.  SUPPLEMENTARY  NOTES 

Reprinted  from  Radio  Science, 

Vol.5,  No.  12,  pp.K  13-1428, 

December  1970. 

12.  SPONSORING  RIL1TARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (LII) 

L.G. Hanscom  Field 

Bedford,  Massachusetts  01730 

13.  ABSTRACT 


The  ionospheric  spectrum  of  the  critical  frequency  of  the  F9  region,  foF2» 
is  studied  in  detail  at  35  locations  during  solar  maximum  and  at  21  stations 
during  solar  minimum.  The  spectra  contain  prominent  lines  superposed  on 
background  continua.  The  most  prominent  lines  correspond  to  solar  periods  of 
24,  12,  and  8  hours.  Lines  at  half  a  lunar  day  (period  of  12.48  solar  hours)  and 
at  two  lunisolar  periods  have  also  been  detected  in  all  the  spectra  investigated. 
The  lunisolar  lines  have  statistically  significant  amplitudes  oniy  at  the  low- 
latitude  stations.  Our  analysis  indicates  the  influence  in  the  F  region  of  plasma 
transport  processes  such  as  EXB  drift,  ambipolar  diffusion,  and  iondrag  effects 
of  the  neutral  air  wind  generated  by  the  thermospheric  diurnal  density  variations 
An  assessment  of  the  roles  of  some  of  these  processes  is  attempted  in  terms  of 
the  results  obtained  from  our  analysis. 


KEYWORDS:  Tidal  effects  (F  region), 
dynamics.  Solar  cycle  variations 

DO  f0"“  1473  — 

v  I  NOV  AS 


fpFg,  Spectrum  analysis.  Ionospheric 


Unclassified 

Security  Classification 


JOURNAL  ARTICLES 


79 


Unclassified 

Security  Classification 


DOCUMENT  CONTROL  DATA  -  RAD 

( Security  classification  of  tide,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall  report  is  classified) 

I.  ORIGINATING  ACTIVITY  (Corporate  author )  2a.  REPORT  SECURITY  CLASSIFICATION 

Air  Force  Cambridge  Research  Laboratories  (LKI)  Unclassified _ 

L.G.  Hanscom  Field  ih  55SW 

Bedford.  Massachusetts  01730 _ 

1  REPORT  TITLE 

A  NOTE  ON  ERRORS  IN  UPPER  AIR  HUMIDITY  CLIMATOLOGY 


4-  OESCRIPTIVE  NOTES  (Type  of  report  aid  inclusive  dotes ) 

Scientific. _  Interim. _ 

5.  AUTHOR(S)  (First  name,  middle  initial,  last  none) 

H.  A.  Salmela 
N.  Sissenwine 


l  REPORT  DATE 

January  19TL _ 

HHHfaiiNNH 

7&  NO.  Of  REFS 

2 

SO.  CONTRACTOR  GRANT  NO. 

k.  PROJECT,  TASK.  WORK  UNIT  NOS.  8624“02-01 

C.  OOD  ELEMENT  62101F 

<t  OOD  SUBELEMENT  681000 

9a.  ORIGINATOR'S  REPORT  NUMBER^ 

AFCRL-7 1-0066 

9b.  OTRER  JlEpoRT  uo(S)  (Any  other  numbers  that  may  be 
assigned  this  report) 

10.  DISTRIBUTION  STATEMENT 


1— This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


II.  SUPPLEMENT  ARY  NOTES 

Reprinted  from  Journal  of  Applied 
Meteorology,  Vol.9,  No.  6, 
pp.  954-955,  December  1970, 


~!l  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (LKI) 

L.G.  Hanscom  Field 
Bedford,  Massachusetts  01730 


13.  ABSTRACT 


Their  findings  are  discussed  in  this  note  and  average  dew  point 
corrections  are  suggested  for  selected  constant  pressure  levels. 
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13.  ABSTRACT 


The  temperature  and  frequency  dependence  of  the  attenuation  of  0.5-5-GHz 
acoustic  surface  waves  on  LiNbOg  has  been  measured.  For  propagation  in 
vacuum  a  frequency- squared  dependence  of  the  total  attenuation  is  obtained  with 
a  value  at  1  GHz  of  0.9  dBAisec.  Temperature-dependence  measurements  using 
a  novel  three-transducer  technique  show  the  dominant  loss  (0.7  dB/psec  at 
1  GHz)  mechanism  to  be  the  interaction  with  thermally  excited  elastic  waves. 
Propagation  in  air  results  in  an  additional  loss  linearly  proportional  to  frequency 
with  a  value  of  0.2  dB/psec  at  1  GHz,  The  effects  of  beam  steering  and  diffrac¬ 
tion  losses  are  also  investigated  both  theoretically  and  experimentally.  Both 
misalignment  of  transducers  with  respect  to  pure  mode  propagation  axes  and 
misalignment  of  the  propagation-plane  perpendicular  can  add  significantly  to 
delay  line  insertion  loss.  This  beam  steering  loss  on  Y-cut  Z-propagating 
LiNbOg  is  considerably  higher  than  on  the  41,5°  rotated-cut  X-propagating 
orientation.  The  loss  mechanisms  measured  in  this  paper  are  sufficient  to  com¬ 
pletely  account  for  the  insertion  loss  of  surface-wave  delay  lines. 
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13.  ABSTRACT 


Measurements  of  the  7  March  1970  solar  eclipse  were  made  by  AFCRL  at 
the  Sagamore  Hill  radio  observatory  on  the  frequencies  of  35  GHz,  15  GHz, 

8800  MHz,  4995  MHz,  2695  MHz,  1415  MHz,  606  MHz,  245  MHz  and  114  MHz. 
The  brightness  temperature  spectral  index,  y ,  derived  from  Tj,  =  afy  showed 
that  the  residual  temperatures  at  maximum  obscuration  (m  =  0.  96)  had  an 
index  of  -1.5,  which  indicated  a  flatter  temperature  spectrum  than  was  associated 
with  the  12  November  1966  eclipse  where  y  -  -1.9.  A  similar  flattening  of 
spectrum  occurs  with  daily  total  sun  values  during  periods  of  high  solar  activity. 

The  flux  spectrum  of  the  radio  source  associated  with  McMath  plage  10607 
is  illustrated  end  shows  a  peaking  of  10.9  flux  units  to  occur  near  6.0  CM 
wavelength.  Brightness,  temperatures  of  the  region  as  well  as  its  associated 
optical  development  are  described. 
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13.  ABSTRACT 


A  significant  gain  in  signal -to-noise  ratio  for  photodiodes  and  avalanche 
photodiodes  is  realized  by  bootstrapping  the  crevice  capacitance.  A  specific 
example  is  detailed  for  the  detection  of  6328  A  light  modulated  at  30  MHertz. 
The  signal-to-noise  ratio  gain  in  this  example  is  9  db  and  3  db  for  the  photodiodf 
and  avalanche  photodiode  respectively,  so  that,  the  signal-to-noise  ratios  for 
the  photodiodes  are  superior  to  that  of  a  photomultiplier  when  the  light  intensity 
is  greater  than  .05  microwatts  for  the  avalanche  photodiode  and  1  microwatt 
for  the  photodiode. 
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13.  ABSTRACT 

Absolute  gf- values  for  118  Fe  I  lines  in  the  visible  region  of  the  spectrum 
have  been  measured  by  shock-tube  emission  spectroscopy.  Special  attention  was 
given  to  choosing  relatively  faint  l;nes  in  a  region  of  reasonably  well-defined  solar 
photospheric  continuum  and  to  eliminating  systematic  errors.  For  the  latter 
purpose,  the  gas  kinetic  temperature  was  measured  accurately  by  an  ultrasonic 
technique  for  every  shock,  and  a  special  study  was  made  in  which  the  various 
experimental  parameters  were  varied  over  extreme  ranges  and  in  which  the 
validity  of  the  assumptions  of  local  thermodynamic  equilibrium  (LTE)  and  of 
optical  thinness  were  verified.  Our  results  are  in  fairly  good  agreement  with 
Corliss  and  Tech's  free-burning-arc  measurements  for  low -excitation  lines  but 
show  large  disagreements  for  lines  having  high-excitation  potentials.  The  mag¬ 
nitude  of  the  discrepancies  is  largely  dependent  upon  upper  excitation  potential 
and  to  a  lesser  extent  upon  wavelength.  Our  measurements  for  low-excitation 
and  high-excitation  lines  agree  to  within  a  factor  of  about  2  with  values  obtained 
by  other  independent  investigations,  which  include  shock-tube,  wall-stabilized- 
arc,  atomic -beam,  and  beam-foil  measurements.  These  results  suggest  that  the 
solar  photospheric  abundance  of  iron  may  need  to  be  revised  upward  in  the  light 
of  the  various  recent  measurements  of  gf-values  for  high-excitation  lines,  which 
are  consistently  smaller  than  reported  free-burning-arc  values  by  nearly  1  order 
of  magnitude.  These  free-burnt  lg-arc  f-values  and  the  furnace-absorption 
f-values  upon  which  they  are  based  have  repeatedly  led  to  the  paradox  of  solar 
photospheric  iron  abundance  about  an  order_of  magnitude  lower  than  coronal.  Ac 
cording  to  a  line 
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19.  ABSTRACT 


A  new  method  of  measuring  turbulent  electric  fields  and  electron 
temperatures  from  broadening  of  hydrogen  Balmer  lines  is  presented. 
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The  post-burnout  angular  motions  of  three  divergent  NIRO  sounding 
rocket  flights  have  been  examined  using  rigid  body  energy  techniques 
previously  developed  under  contract  F19628-69-C-0029,  Report  AFCRL- 
69-0222.  Two  of  these  flights  exhibited  roll-pitch  lock-in  through 
burnout  and  for  several  seconds  after.  All  exhibited  a  rapid  Initial 
Increase  In  coning  angle  followed  by  an  actual  decrease  and  a  later 
more  gradual  divergence  consistent  with  increased  altitude.  The  rigid 
body  kinetic  energy  histories  show  a  double  peaked  character  which 
implies  that  energy  is  temporarily  stored  internally  such  as  in 
structural  deformation.  The  magnitude  of  the  energy  in  transverse 
motion  is  small  enough  so  that  de-spun  damping  of  reasonable  weight 
penalty  is  feasible. 

The  previous  study  indicated  that  coning  divergence  of  a  spin- 
stabilized  sounding  rocket  could  be  eliminated  by  the  use  of  a  passive 
de-spun  rotor  stabilization  system.  In  an  effort  to  effectively  and 
economically  verify  the  performance  of  this  system  in  hardware  form 
an  electromechanical  simulator  wa3  designed  and  fabricated.  A  passive 
rotor  stabilizer.  Included  in  the  system,  was  tested  with  positive 
results.  Performance  of  this  system  checked  closely  with  predicted 
results. 

A  logical  next  step  in  this  program  is  the  design,  fabrication 
and  flight  testing  of  several  rotor  stabilizer  systems. 

KEYWORDS:  Sounding  rocket.  Stability,  Dual-spin  stabilization _ 
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Conditions  for  the  single  crystal  preparatlor^of  the  perylene-lodine  charge  trans- 
er  compounds  and  the  nttro-derlvatlves  of  fluoren  -  A  -  malononttrlle  have  been  Investl 
lated.  Ternary  phase  relationships  for  the  perylene -Iodine  carbon  disulfide  system  have 


seen  obtained  at  25°C  and  35°C.  Smoothed  solubility  curves  for  the  p7(I2^o'  P2^2^3'  and 
5(I  )  species  are  presented  for  both  25°C  and  35°C.  The  solubility  curves  for  9  -  dlcyan  > 
nethylene  -  2,4,7  trinitrofluorene  and  9  -  dicyano-methylene  2.7  dlnltrofluorene  In  acetoni  - 
:rlle  have  been  determined  and  the  conditions  for  crystal  growth  of  these  materials  are  pre¬ 
sented. 


The  free  energies  of  formation,  heats  of  formation  and  entropies  of  formation  ha\f 
been  deduced  for  the  p7^2^10'  P2 3  and  P^2^3  specles  ^rom  tlle  solubility  data  and  pre¬ 
vious  gas-solid  reaction  studies. 

The  factors  which  hinder  the  crystal  growth  of  the  perylene-lodine  compounds 
have  been  identified  as  extremely  small  solubilities  coupled  with  large  changes  of  the  solu 
blllty  with  temperature.  The  requirements  for  isothermal  and  temperature  gradient  techni¬ 
ques  for  growing  single  crystals  of  these  materials  are  stated.  These  Include  specifica¬ 
tions  on  the  allowed  temperature  gradients  and  concentration  changes  which  will  prohibit 
Ithe  onset  of  dendritic  growth  through  constitutional  supersaturation. 

Results  from  the  program  Indicate  that  the  solution  growth  of  good  single  crystal^ 
of  both  the  perylene-lodine  compounds  and  the  nltro-derlvatives  of  fluoren  -  A  -  malon- 
onltrile  will  require  extremely  close  control  of  solution  temperatures  and  temperature 
gradients  and  use  of  growth  solutions  of  six  liters  or  more  in  size. _ 
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IS.  ABSTRACT 


In  an  effort  to  circumvent  the  difficulties  and  effort  Involved  in  reducing 
and  processing  the  telemetry  data  from  a  broad  class  of  differing  space  vehicles, 
and  Analysis  and  Simulation  Branch  (SUYA)  of  the  Air  Force  Cambridge  Research 
Laboratories  (AFCRL)  at  L.  0.  Hans com  Field,  Bedford,  Massachusetts,  has  been 
engaged  In  the  development  of  a  Satellite  Data  Reduction  Processor  System  (SADAR) 
(as  described  in  AFCRL-67-0561)  to  provide  a  general  and  flexible  computer  pro¬ 
gramming  system  capable  of  handling  the  rav  data  from  diverse  vehicles. 

This  report  describes  a  system  to  process  rav  telemstry  data  from  the  OV3-6 
Satellite  and  the  display  of  the  various  experimental  results. 


KEYWORDS:  Commutator,  Computer  program.  Computer  progi amir.g  system 


DO  ro""  1473 

Wl  NOV  SS 


Unclassified _ 

Security  Ctssiilicsiioe 


92 


CONTRACTOR  REPORTS 


UNCLASSIFIED 


30 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  R&D 

(Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  be  - ntered  when  the  overall  report  is  classified/ 


originating  ACTIVITY  (Corporate  author) 

Avco  Corporation,  System  Division 
Wilmington,  Mass,  01887 


la.  REPORT  SECURITY  CLASSIFICATION 

Unclassified 


ik  CROUP 


1  REPORT  TITLE 

CONSIDERATIONS  FOR  NON-LINEAR  MICROWAVE  BREAKDOWN 
&  PROPAGATION 


A.  descriptive  NOTES  (Type  of  report  and  inclusive  dates) 

Scientific  Interim 


s.  AUTHORISI  (First  none,  middle  initial ,  last  name) 


Ronald  L.  Fante 


E  REPORT  OATE 


January  15.  1971. 


Ba.  CONTRACT  OR  GRANT  NO. 

F19628-69-C0121 

b.  PROJECT.  TASK.  WORK  UNIT  NOS 

4642-02-01 

c,  OOO  ELEMENT 

62101F 

c i  OOO subelement 
681000 


7U.  total  no.  of  paces 

_ 31 _ 


7 b,  NO.  OF  REFS 
10 


So.  ORIGINATOR’S  REPORT  NUMBERtV 

Scientific  Report  No.  3 


9b.  OTHER  REPORT  uc(S)  (Any  other  numbers  that  may  be 
assigned  this  report) 

AFCRL- 7 1-0023  AD719,  764 


K>.  DISTRIBUTION  STATEMENT 


■This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


II.  SUPPLEMENTARY  NOTES 


TECH,  OTHER 


II  SPONSORING  MILITARY  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (LZ) 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts  01730 


13.  ABSTRACT 

Approximations  have  been  considered  which  lead  to  a  simplified  model 
for  non-linear  microwave  breakdown.  Using  the  simplified  model  we 
have  then  analytically  considered  the  propagation  of  a  high  power  plane 
wave  into  a  steady  state  (  ’ '  .  )  gaseous  half-space.  We  have 

also  presented  numerical  results  for  the  non-steady  state  case 
(  *  )• 


KEYWORDS'.  Non-linear  propagation.  Microwave  breakdown 


DO  1473 

NOV  AS 


UNCLASSIFIED 


Security  Classification 


CONTRACTOR  REPORTS 


93 


DOCUMENT  CONTROL  DATA  R&D 

(Security  t  lua.uficaiion  of  title,  body  of  abstract  and  <nde\infi  annotation  mu^l  be  mined  uhrn  the  nt  t  rail  report  ri  <  lewiftedl 
t.  ORIGINATING  ACTIVITY  (Corporate  author)  f  2«.  REPORT  SEC  U  NIT  V  Cl  ASS!  P  1C  A  T  ION 


Clarkson  College  of  Technology 
Department  of  Physics 


Unci  a  ssified_ 
tb.  group" 


}  REPORT  TITLE 


70.  TOTAL  NO.  OP  PAGE* 


SPARK  CHAMBER  SPECTROMETRY  AND  SPACE  RADIATION  STUDIES 

4  DESCRIPTIVE  notes  (Type  of  report  and  inclusive  Jates) 

Scientific. _  Final. _ 15  October  1965  -  14  October  1970  _ 

s  authors)  (First  none,  middle  initial,  laat  norm! 

Richard  Madey 
G,  Thomas  Huetter 
Stephen  M.  Yushak 


«.  REPORT  DATE 

14  Januar 


I  a.  CONTRACT  OR  GRANT  NO. 

AF19(628)-5666 

b.  PROJECT.  TASK.  WORK  UNIT  NOS. 

8600-08-01 

c.  DOD  ELEMENT 

61102F 

d.  OOO  SURELEMENT 

681311 


10.  QISTRIRUTION  STATEMENT 


Approved 
18  Dec.  1970 


‘a.  ORIGINATOR'S  REPORT  NUMBEIV5J 

CPDD-71-1 


»k  o  i  her  REPORT  HQtSl  (Any  other  numbers  thnr  may  be 
assigned  t/ut  report) 

AFCRL-70-0684  ^.0716,843 


11.  SURPLEMENTARV  NOTES 


Multiple  Reprints  included 


1  -  This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is 
unlimited. 


12.  SPONSORING  NIL! 'ART  ACTIVITY 

Air  Force  Cambridge  Research 
Laboratories  (PH) 

L,  G.  Hanscom  Field 
Bedford.  Massachusetts  01730 


13.  ABSTRACT 

Advances  in  instrumentation  based  on  the  spark-chamber  technique  for  making 
charged  particle  studies  of  the  aerospace  environment  have  included  the  development 
of  (1)  spark-discharge  modules  that  are  sealed  against  the  space  environment,  (2)  a 
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derived  for  the  flux  of  protons  within  cylindrical  shell  and  slab  disk  shields  exposed 
to  protons  in  space.  Reported  also  are  studies  in  space  radiation  dosimetry. 
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The  objective  of  the  study  that  is  the  subject  of  this  report  was  to  determine  the 
feasibility  of  estimating  variations  in  ground  strength  on  the  basis  of  electrical  con¬ 
ductivities  measured  from  the  air.  A  review  of  the  literature  indicates  that  for  a 
wide  variety  of  crystalline  igneous  rocks,  a  reasonably  unique  relationship  should 
exist  between  resistivity  and  strength.  Three  airborne  electromagnetic  surveying 
techniques  hold  promise  for  measuring  ground  conductivity  in  the  desired  range. 
These  are,  in  order  of  the  ease  with  which  surveys  might  be  made  with  existing  or 
modified  systems,  the  wave-tilt  method,  the  long-grounded-wire  method  and  the 
INPUT  method.  The  wave-tilt  method  makes  use  of  waves  radiated  by  VLF  broad¬ 
cast  stations  in  the  frequency  range  from  1  5  to  30  KHz,  and  is  useful  with  no  modifi¬ 
cation  of  commercially  available  equipment,  as  field  tests  described  in  this  repoi  t 
indicate.  The  long-grounded-wire  method  rr  ikes  use  of  fields  from  a  current- 
carrying  cable  installed  specifically  for  a  survey.  The  INPUT  method  makes  vae  of 
a  transmitter  carried  on  the  aircraft  with  the  receiver.  However,  in  order  to  mea¬ 
sure  conductivities  in  the  range  of  interest  with  the  existing  commercial  INPUT 
system,  major  modifications  would  be  required. 
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During  entry  into  the  earth's  atmosphere  of  a  manned  or  unmanned  space 
vehicle,  a  plasma  sheath  envelops  the  vehicle  because  of  shock  heating  of  the 
onbient  gases  and  ablation  of  the  heat  shield  material.  This  plasma  sheath 
causes  the  interruption  of  radio  communications  between  the  space  vehicle  and 
ground  based  stations  commonly  referred  to  as  the  reentry  communications 
blackout.  To  solve  the  blackout  problem,  a  knowledge  of  the  reentry  plasma 
sheath  properties  (electron  density,  electron  collision  frequency,  electron 
temperature  and  plasma  stand-off  distance)  is  required.  A  s unmar y  of  the 
causes  and  effects  of  the  reentry  plasma  sheath  is  presented  in  this  report 
together  with  a  discussion  of  reentry  plasma  diagnostic  techniques  and 
review  of  the  flight  experiments  performed  to  determine  the  properties  of 
the  reentry  plasma. 
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Measurements  of  antenna  impedance  are  frequently  used  to  determine  the 
properties  of  plasmas  which  occur  in  the  ionosphere  and  during  the  atmospheric 
reentry  of  space  vehicles.  An  accurate  understanding  of  the  performance  of 
antennas  in  plassas  is  required  for  these  purposes  as  well  as  for  determining 
ways  to  minimize  the  reentry  communications  blackout  problem.  The  results  of  the 
ionospheric  rocket  experiments  have  indicated  the  necessity,  when  analyzing  antenna 
performance,  of  using  a  "warm"  or  "compressible"  plasma  theory  which  takes  into  a 
account  the  thermal  motion  of  the  plasma  particles.  The  classical  derivation 
of  the  hydrodyn.uaic,  compressible  plasma  theory  equations  is  included  in  this 
report  together  with  a  discussion  of  appropriate  boundary  conditions.  A 
review  of  the  antenna  analyses  which  have  been  performed  using  this  compressible 
plasma  theory  Is  presented  to  illustrate  the  present  "state  of  the  art"  of 
antenna-plasma  analysis. 
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An  analysis  of  surface-mounted  aperture  antenna  admittance  has  been 
performed  in  this  study  to  determine  the  conditions  under  which  admittance 
measurements  can  be  used  for  reentry  plasma  diagnostics.  The  primary 
contribution  of  the  present  work  is  the  determination  that  the  admittance 
of  a  thin,  microwave  aperture  antenna,  located  on  the  surface  of  a  reentry 
vehicle,  can  be  used  to  obtain  the  values  of  the  electron  density,  electron 
collision  frequency,  ion  sheath  thickness  and  electron  temperature  of  the 
reentry  plasma.  It  Is  further  demons* rated ,  by  using  admittance  measurements 
made  during  a  reentry  test  flight  as  reported  b’>  Mayhan  et  al.  (1968  IEEE 
Trans.  Antennas  and  Propagation,  AP - i 7 .  573),  *  open-ended-waveguide 

antenna  admittances  can  be  used  to  determine  the  plasma  electron  density, 
electron  collision  frequency  and  plasma  stand-off  distance  when  the  reentry 
plasma  is  separated,  due  to  aerodynamic  boundary  layer  effects,  from  the 
surface  of  the  reentry  vehicle. 
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A  seismicity  map  of  the  Arctic  region  north  of  latitude  70°N 
containing  310  epicenters  has  been  compiled  from  data  tabulated  by  ESSA, 
Coast  and  Geodetic  Survey,  for  the  interval  January  1,  1961  through 
September  30,  1969.  All  of  the  hypocenters  are  less  than  100  km  deep. 
The  main  feature  is  the  continuation  of  the  Mid-Atlantic  seismic  belt 
through  the  Arctic,  which  follows  a  complicated  pattern  of  non-linear 
segments  between  Iceland  and  northern  Greenland  and  follows  a  remark¬ 
ably  straight  line  across  the  Arctic  Basin  between  Greenland  and  the 
Siberian  shelf. 


KEYWORDS:  Seismicity  map  of  Arctic 


Dp  roan  •;  ,  “7*: 
!>  I  VAN  >4  |  A i  J 


Unclassified _ 

Security  Classification 


CONTRACTOR  REPORTS 


99 


Unclassified 

Security  Classification 

DOCJMi-.vV  CCNTP.OL  DATA  •  .TAD 

(StourUy  altatiflctllcn  at  Hilt,  body  at  abstract  and  mdctlnd  annotation  mutt  ba  anitrad  wbon  tha  ovaroll  import  ta  c Imatitimd) 

I.  OetOINATlNO  ACTIVITY  fCeqmvlA  aolAori 

LAMOMT -DOHERTY  GEOLOGICAL  OBSERVATORY  OF 

COLUMBIA  UNIVERSITY,  PALISADES,  NEW  YORK  1096*1 

RSPORT  KCURlTV  C  U AMI *IC A TlON 

Unclassified 

2 b  6ROUP 

J.  ni*0*T  TlTkS 

THREE-DIMENSIONAL  SEISMIC  RAY  TRACING  IN  A  LATERALLY 

HETEROGENEOUS  SPHERICAL  EARTH 

4-  osscni^rivc  NOT  It  ( Typo  at  impart  and  Inelutlvm  datmt ) 

Scientific,  Interim 

Klaus  H.  Jacob 


6-  RBFOnr  OATS 

January  h .  1971 

F19628-68-C-0341  AKA  Order  292 

Project,  Task,  Work  Unit  Nos. 

S.  8652-01-01 

Dod  Element  62701  D 
<1.  Dod  Sub  element  n/a 

L.D.G.O.  No.  1580 

Scientific  Report  No.  13 

•  A.  OTHSa  asroat  NO <i>  (Anr.«»RiaU.n  tfia.  m*r  As  ASa.aiMl 
HUt  rmpattj 

AFCRL-71-  0009  AD 7 19,  970 

10.  AVAILABILITY/LIMITATION  NOTICg* 

1.  This  document  has  been  approved  for  public  release  and  sale;  its 
distribution  is  unlimited. 

u.  aurwLiMiNTAAY  HOTga  Reprinted  from  the 
Journal  of  Geophysical  Research,  Vol. 
75>  No.  32,  November  10,  1970,  pages 
6675-6689.  This  research  was  supportet 

12.  SRONSORIN8  MILITARY  activiyy 

Air  Force  Cambridge  Research 

Laboratories  (LW) 

1  L.  G.  Hanscom  Field 

tt.  amtaact  by  the  Advanced  Research 
Projects  Agency. 

Bedford,  Massachusetts  OI730 

R««mt  aei«mologic»J  «tudi«i  auggnt  later«l  inharaofencitiw  in  P  and  S  vfloiiu™  of  the 
mantle  that  are  aaeociated  with  alahe  of  mobile  hthoaphere  descending  mto  the  mantle  be¬ 
neath  island  arcs  In  special  cases,  travel  times  of  P  traversm*  such  sons,  can  differ  bv  as 
much  as  5  sec  and  of  S  by  up  to  10  sec  from  standard  travel  times.  In  addition,  such  tones 
are  characterised  by  relatively  low  attenuation  of  S-wave  energy  compared  with  high  attenua¬ 
te;  in  a  broad  aone  on  the  landward  side  of  the  active  volcanoes.  To  explain  the  observed 
anomalous  travel  times  and  attenuation  phenomena,  it  is  necessary  to  trace  the  path  of  hodv 
waves  through  laterally  heterogeneous  earth  models.  The  techni«|ue  of  ray  tracing  developed 
P,T  'Tv  ^prnilt  1  principle  to  obtain  the  differential  equation  of  a  ray  in  spherical  coordi¬ 
nates.  The  position,  direction,  and  travel  time  of  the  seismic  wave  front  at  anv  point  along 
the  curved  ray  path  are  obtained  by  numerical  integration  of  the  differential  equation  for  an 
assumed  three-dimensional,  continuous  velocity  distribution.  The  problem  of  representing  a 
realutic  three-dimensional  velocity  structure  in  the  earth  is  solved  iu  a  way  that  is  especially 
suitable  for  use  on  computers.  Some  exsmples  for  rays  traversing  an  island-arc  structure  are 
presented.  The  implications  of  this  method  of  tracing  rays  in  a  laterally  heterogeneous  earth 
are  discussed  with  respect  to  seismic  travel-time  studies,  interpretation  of  residuals  in  terms 
of  tectonic  heterogeneities,  soutve  bias,  and  the  precise  location  of  earthquakes  and  nuclear 
explosions;  dT/d. 1  measurements  from  large  seismic  arrays  and  iheir  inversion  to  obtain  d 
tails  of  the  velocity  structure  in  the  upper  mantle  are  also  discussed 
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An  experimental  investigation  of  a  pair  of  coupled  linear  antennas  in  an  in¬ 
homogeneous  dissipative  medium  has  been  made.  The  medium  was  obtained  by 
diffusing  a  water  solution  of  NaCl  info  a  large  block  of  agar  agar  gel  contained  in  a 
wooden  tank.  The  relative  dielectric  constant  was  approximately  78  while  the  loss 
tangent  could  be  varied  from  0.  13  to  3.  0  at  114  MHz,  the  frequency  used  throughout 
the  investigation. 

Driving  point  admittances  and  current  distributions  were  measured  with  the 
medium  inhomogeneity  oriented  parallel  to  the  axes  of  the  antennas.  Self  and  mutual 
input  admittances  were  measured  as  a  function  of  the  antenna  length  (Ph  =  0,  3  to 
2tt  in  steps  of  0.1).  Symmetric  and  antisymmetric  current  distributions  were 
measured  for  four  different  antenna  lengths  (h/\  =  0.  25,  0.  50,  0.  75,  and  1.  0).  Each 
measurement  was  repeated  for  three  antenna  separations  (b/X=0.l25,  0.25,  and  0.  50). 

Self  and  mutual  driving-point  admittances  ware  measured  as  a  function  of  base 
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0.  50,  0.  75,  and  1.  0)  with  the  medium  inhomogeneity  direction  perpendicular  to  the 
antenna  axes. 

Also  studied  were  the  effects  of  a  medium  discontinuity  at  the  input,  non¬ 
identical  elements,  and  input  aperture  size  on  the  measured  input  admittance. 
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IS.  ABSTRACT 

High-dispersion  spectra  of  the  core  of  the  K  line  of  Call  as 
seen  at  the  center  of  the  solar  disc  have  been  reduced.  Resolution 
on  the  spectra  approach  1  arc  sec.  Line  profiles  of  individual 
elements  are  very  asymmetric  and  often  are  peaked  on  only  one  side 
cf  the  line  center.  Variations  of  the  line  profiles  and  the  emission 
peaks  are  discussed.  The  doubly  reversed  mean  profile  of  the  K  line 
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Work  performed  during  1970  on  the  transmission  and  radiation 
characteristics  of  antennas  on  the  surface  of  a  plasma-covered  wind 
tunnel  model  is  reported.  The  model  used  is  a  blunted  cone-cylinder 
operated  in  a  supersonic  wind  tunnel  at  M  =  4,  T  =  80  -*•  100°F  and 
P  =1.2+3  psi.  The  plasma  sheath  is  obtained°by  injecting  nitrogen 
°plasma  from  a  DC  arc  jet  located  in  the  model  nose. 

A  new  chemical  injection  system  was  used  to  inject  a  number  of 
halogenated  hydrocarbons  into  the  plasma  layer  through  .0012  and  .0006 
inch  diameter  orifices  at  rates  between  .3  and  6  gm  per  minute 
(additive  mass  fractions  from  5  to  100  percent) .  It  was  found  that 
nearly  complete  restoration  of  free  space  antenna  impedance  and  trans¬ 
mitted  power  could  be  achieved  from  25  mw  S-Band  signals  at  50  percent 
of  less  additive  mass  fraction. 

Data  from  electrostatic  probes  is  presented  which  indicates  that 
the  mechanism  of  alleviation  is  electron  attachment  to  form  heavy 
negative  species. 

Teflon  and  carbon  phenolic  ablative  plasmas  were  also  studied  and 
the  effects  of  these  ablative  materials  on  the  plasma  sheath  are 
presented. 

The  effect  of  ultrasonic  energy  on  small  fluid  jets  was  also 
studied,  as  was  the  penetration  of  these  jets  into  the  wind  stream. 
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"  The* measurement  of  small  scale  wind  motions  in  the  30-60  km  region  of  the  atmosphere 
by  means  of  the  smoke  trail  method  is  described.  This  method  obtains  wind  motions  by 
photographing  the  deformation  of  a  trail  of  smoke  with  time.  The  experiment  consists 
of  the  analysis  of  four  such  trails  deposited  by  two  rockets  which  were  fired  simulta¬ 
neously  from  different  positions  and  which  deposited  a  trail  on  both  the  upward  and 
downward  trajectories. 

The  method  of  reduction  of  the  photographic  data  to  obtain  the  position  in  space  of 
the  smoke  trails  with  time  and  subsequent  velocities  is  discussed  and  an  estimate  of 
the  error  in  the  resulting  smoothed  wind  profiles  is  obtained. 

The  wind  profiles  obtained  by  this  experiment  are  compared  with  an  independent  mea¬ 
surement  which  was  made  some  90  minutes  later  by  a  STARUTE  sonde. 

The  wind  profile.  are  analysed  in  terms  of  the  spectrum  of  vertical  wavelengths, 
the  phase  orientation  and  wavelength  in  the  horizontal  and  the  distribution  of  verti¬ 
cal  shears. 

A  temperature  profile  obtained  in  the  region  is  also  analysed  and  an  attempt  is 
made  to  relate  the  wind  and  temperature  profiles  in  terms  of  simple  gravity  wave 
theory. 

The  results  of  gravity  wave  theory  are  discussed  and  the  measurements  are  shown  to 
be  compatible  with  the  theory  although  a  complete  identification  of  the  motions  is 
not  feasible. 
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13.  ABSTRACT 


Electrostriction  is  a  cause  of  laser  beam  self-trapping  and  damage  in  transparent 
glass.  It  predominates  over  other  self-focusing  mechanisms,  such  as  Kerr  effect 
or  thermal  self-foe  using,  under  certain  conditions.  This  paper  shows  that 
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threshold  power  for  self-focusing  is  independent  of  beam  size.  In  the  transient 
region,  the  threshold  power  increases  and  becomes  proportional  to  the  square  of  the 
initial  beam  radius,  in  the  limit  of  large  radius  beams  or  short  pulses.  The 
theoretical  trapping  threshold  derived  here  is  less  them  typical  experimental 
thresholds  for  track  formation  in  glass. 
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1*.  AVSTRACT 


Silicon  cold  cathodes  were  successfully  operated  for  the  first  time. 
Planar  structures  were  operated  at  efficiencies  as  high  as  5x10"^ 
while  Si:Si02  structures  had  efficiecies  as  high  as  0.3Z.  Pulsed 
currents  as  large  as  0.6  mA  were  drawn,  corresponding  to  current 
densities  in  excess  of  100  mA/cm^.  The  silicon  cold  cathodes  were 
also  operated  continuously,  and  it  was  found  that  tens  of  micro¬ 
amperes  could  be  drawn  for  several  hours,  an  encouraging  result 
from  the  viewpoint  of  practical  devices.  The  procedure  for 
fabricating  and  testing  Si:Si02  cold  cathodes  is  discussed,  an 
methods  are  proposed  for  achieving  more  efficient  operation. 
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The  analysis  and  the  design  of  the  elements  of  a  large  array  of  circular 
apertures  on  a  triangular  grid  is  approached  by  modeling  the  antenna  as  an 
infinite  structure  rotationally  symmetric  and  periodic  along  the  cylinder  axis. 
Because  of  this  particular  symmetry  every  possible  excitation  is  the  superposition, 
with  suitable  weights,  of  a  set  of  fundamental  excitations  having  uniform  magnitude 
and  linear  phase  progression  in  the  azimuthal  direction  and  in  the  direction  of 
the  cylinder  axis  ("eigenexcitations").  Thus,  by  invoking  superposition  the 
electromagnetic  analysis  of  the  array  is  reduced  to  the  solutions  of  the  simpler 
boundary  value  problems  pertinent  to  the  set  of  eigenexcitations.  This  is  done 
by  expanding  the  field  in  normal  modes  in  the  region  exterior  to  the  cylinder 
and  in  the  waveguides  feeding  the  apertures,  followed  by  a  field  matching  at  the 
cylinder  surface  (obtained  approximately  through  Galerkin's  method).  The 
realized  gain  pattern  of  the  radiators  can  be  modified  to  a  considerable  extent  by 
using  an  "element  pattern  shaping  network"  (in  the  radiator  waveguides),  serving 
the  purpose  of  matching  the  array  for  a  selected  eigenexcitation.  Criteria  for  the 
network  design  are  given.  A  series  of  numerical  examples  illustrates  the  tech¬ 
nique  and  shows  that  a  "flat"  element  pattern  can  be  thus  obtained  with  a  gain  fall 
off  with  respect  to  the  peak  of  less  than  6  db  at  SO  degrees. 
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The  consecutive  ion-molecule  reactions  in  ace'ylene  within  the  pressure  limits 
of  10  ^  and  10  ^  torr  have  been  investigated  as  a  function  of  the  energy  trans¬ 
ferred  to  the  acetylene  molecule  during  the  initial  ionization  by  charge  exchange 
with  incident  positive  ions  of  low  kinetic  energy.  The  reactions  of  the  molecular 

ion  in  the  ground  electronic  state  (  w  *)  are  distinguished  from  .hose  of  the 

u  -1 

molecular  ion  in  an  excited  electronic  state  (a  ).  The  various  chain  sequences 
of  reaction,  including  those  involving  ions  with  uneven  numbf-s  of  carbon  atoms, 
are  elucidated,  and  numerous  reactions  proposed  by  earlier  workers  are  shown 
to  be  unimportant  in  the  pressure  range  investigated.  Rate  constants  are 
calculated  for  the  various  ion-molecule  reactions. 
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This  report  discusses  the  problems  of  logic  design  by  means  of  finite  field  theory 
their  interrelationship  and  some  approaches  to  their  solution,  with  emphasis  on  logic 
networks  whose  function  is  externally  determined.  Galois  theory  is  the  study  of  flnlt 
fields  and  can  be  viewed  as  a  generalization  of  the  two-element  Boolean  algebra  tra¬ 
ditionally  used  in  logic  design.  As  a  mathematical  foundation  for  logic  design,  Galoi 
theory  offers  far  greater  flexibility  in  the  choice  of  basic  primitive  logic  gates,  an 
arbitrarily  great  increase  in  economy  of  thought  and  the  possibility  of  choosing  a 
mathematical  structure  which  is  beat  suited  to  each  stage  of  technological  development, 
Various  basic  decisions  are  made  with  regard  to  field  size.  Boolean  encoding  of  field 
elements  and  primitives  for  the  context  of  design;  actual  logic  design  is  then  carried 
out  in  the  familiar  language  of  polynomials.  Reasoning  processes  are  identical  to 
those  of  elementary  algebra  with  further  simplification  frequently  possible.  This 
report  attampta  to  give  an  introduction  to  those  topics  of  Galois  field  theory  most 
relevant  to  hardware  vendor  ar.d  logic  designer  and  develops  the  theory  of  universal 
Galois  functions  and  its  categorical  implications.  There  is  a  detailed  discussion  of 
Boolean  encoding  procedures  which  lead  to  highly  efficient  Galois  multiplication  gates 
and  optimal  Galois  addition  gates.  Various  single-primitive  systems  are  considered, 
capable  of  utilizing  a  single  LSI  chip-type  throughout  any  network  to  be  designed. 

One  especially  natural  primitive  offers  the  additional  potential  of  maximizing 
effective  LSI-yield.  Methods  are  suggested  for  the  design  of  general  and  universal 
Galois  functions  in  two-primitive  and  one-primitive  systems.  In  conclusion,  a  variety 

„  of, areas JLs  identified  for  further  research  in  Galois  logic  design. 
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between  electron  density  profiles  determined  from  electroacoustic 
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lit  AlftfRAC T  | 

An  experimental  pulted  neodymium  lidar  «y*tom  wai  modified  and  calibrated  to  obtain  accurate  data  on  almorpheric  extinction 
properties  in  fog  and  low  cloud  condilioni.  The  objective  wat  to  eatablilh  the  theoretical  and  practical  baiit  of  a  sytlem  for  mcjxur- 
ing  tlant  visibility  conditions  for  aircraft  landing  operations.  To  operate  in  conditions  of  fog  and  low  cloud  the  lidar  system's  dynamic 
range  was  extended  to  id  dB  by  using  a  two-stage  receiver  system.  In  addition,  the  transmitter  and  rtceivn  beams  were  made  coaxial 
to  make  close-range  observations. 

field  trials  were  carried  out  al  a  temporary  site  al  Half  Moon  Bay,  California,  and  al  (he  National  Bureau  of  Standards  site  at 
Aicata.  California,  in  May/June  and  August  1970.  respectively.  At  Areata,  data  were  collected  in  conjunction  with  measurements  by  an 
array  of  up  to  five  AN/CMQ-10  uansmlssomcters.  Observations  were  made  in  clear  weather  and  in  conditions  of  fog  and  low  cloud 
using  arrays  of  passive  largeis  to  provide  information  on  atmospheric  extinction.  The  correlation  between  atmosphciic  iransmillance 
derived  from  lidar/targel  data  and  from  AN/GMQ-IU  iransmlssomcicrs  equalled  that  found  between  the  data  from  individual  transmts- 
someters.  Thus,  a  lidar  with  the  support  of  passtse  targets  could  replace  a  transmissometer  system  with  comparable  accuracy  in  de¬ 
termining  atmospheric  iransmillance. 

Single-ended  lidar  data  were  obtained  along  horironlal  paths  adjacent  to  the  passive  targets  and  to  a  JOO-fl  base  line  iransmis- 
sometcr.  Atmospheric  iransmiliances  were  computed  from  lliese  lidar  dau  using  analyncal  methods  (which  ate  discussed  in  detain  of 
evaluating  atmospheric  extinction  coefficients  from  a  consideration  of  the  "slope"  of  the  lidar  trace.  A  coriclalion  coefficient  of  0.97 
was  found  between  tlie  lidar  da'"  and  the  transmissometer  data  for  comparable  path  transmittances  in  a  variety  of  low-visibility  con¬ 
ditions. 

The  concept  of  remotely  detiving  extinction  cuclficientt  aloft  hum  observations  by  a  ground-based  lidar  was  applied  to  the  aitsrafl 
landing  problem.  Using  values  of  extinction  coefficient  for  aimotphcrlc  layers  above  the  surface  derived  from  series  of  lidar  vbwiva- 
lions  al  different  angles  of  elevation,  examples  aie  given  of  tlw  calculation  of  transmittance  over  ihc  line-of-sighl  path  from  which  a 
pilui  would  look  (at  a  cockpit  cui-off  anglel  from  llie  critical  liciglit  lo  the  surface  to  acquire  visual  reference.  No  corroboration  of 
these  evaluations  of  slant  path  transmittance  wac  available.  Poscibie  means  of  deriving  and  presenting  such  data  for  operational  purposes 
are  outlined,  and  Ihc  potential  use  of  lidar  for  revealing  (lie  general  conditions  of  cluud  and  fog  conditions  in  (lie  airfield  approach 
a  if  described. 

The  problem  of  realising  an  operational  system  in  an  ultimate  form  is  considered  and  some  potential  approaches  lo  this  end  aie  noted. 

KEYWORDS:  Lidar  measurement*  of  visibility,  Lidar  measurements  of  atmospheric 
transmittance 
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A  large  number  of  numerical  and  experimental  results  showing  the  influence  of 
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polarography,  and  solid  electrode  voltammetry.  Stability  of  the  pure  solvents, 
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the  solvents  propylene  carbonate,  dimethyl  sulfoxide,  dimethyl  formamide,  and 
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studied. 
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u.  abstract  Neutral  temperatures  have  been  measured  above  120  km  altitude  from 
observations  of  the  fluorescent  emission  of  aluminium  oxide  and  barium  oxide  clouds 
released  from  rockets  launched  at  ESRANGE,  Kiruna.  The  temperature  observations 
showed  a  strong  correlation  with  the  C9  daily  magnetic  character  rather  than  with 
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T(  140) 
T(165) 


420  +  25  x  C9 
450  t  50  x  C9 


A  small  diurijal  variation  appeared  from  the  data,  the  temperature  at  165  km  being 
1  average  100  K  higher  during  evening  twilight  than  morning  twilight.  No  clear 
seasonal  or  lunger  term  variations  were  apparent  from  the  data.  The  results 
indicate  a  strong  auroral  zone  enhancement  of  the  heating  associated  with 
geomagnetic  activity. 
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is.  abstract  Observations  of  the  drift  velocity  of  rocket-borne  chemical  releases  have 
been  used  ii>  determine  neutral  wind  velocity  and  ion  velocity  in  the  altitude  range 
90-230  km  at  ESRANGE,  Kiruna, 

The  ion  cloud  drift  measurements  have  demonstrated  the  orthogonality  of  the 
simultaneous  magnetic  perturbation  vector  at  ground  level  and  the  ion  drift  vector  in 
the  F  region  of  the  ionosphere.  This  result  implies  that  in  the  auroral  zone  Hall 
currents  are  predominantly  responsible  for  that  part  of  the  total  magnetic  pertur¬ 
bation  seen  at  ground  level  due  to  ionospheric  currents. 

A  comparison  of  neutral  wind  velocity  profiles  obtained  under  quiet  and  disturbed  geo¬ 
magnetic  conditions  has  shown  that  in  the  auroral  zone  the  observed  wesi-east  neutral 
wind  component  above  about  120  km  altitude  is  directly  correlated  with  the  mean  south 
north  magnetic  perturbation  vector  over  a  period  ol  two-three  hours  prior  to  the 
observations.  This  correlation  is  due  to  acceleration  of  the  neutral  atmosphere  above 
120  km  by  ions  drifting  in  a  meridional  electric  field.  Both  the  ground  magnetic  per¬ 
turbation  and  the  neutra'  acceleration  are  direct  functions  of  the  locally  enhanced 
electric  field  and  of  the  electron  (and  hence  ion)  density.  After  a  positive  bay  distur¬ 
bance  of  200^  of  three  hours  duration,  a  neutral  wind  velocity  of  nearly  500  m/s  was 
observed  near  150  km  altitule.  In  general,  in  the  auroral  zone  the  west-east  neutral 
wind  speed  m/s)  foil  owing  disturbed  conditions  has  been  found  to  he  related 

toA  X,  the  two-nour  mean  of  the  south-north  magnetometer  disturbance  in  gammas 
(from  a  quiet  ionospheric  level),  by  VN„  =  2.  5AX.  The  sense  is  such  that  positive 
disturbance  t  produce  westward  winds  and  vice  versa.  These  disturbances  in  the 
auroral  zone  may  be  related  to  the  anomalously  high  wind  velocities  which  have  been 
observed  at  times  about  120  km  altitude  at  lower  latitudes. 
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Variance  and  power  spectrum  of  intensity  fluctuations  of  a  single 
mode  CW  C02  10. 6  micron  gas  laser  have  been  measured  by  using  a 
copper- doped  Germaniun  detector  and  enalog  instrumentation.  RMS 
intensity  fluctuations  above  the  oscillation  threshold  was  smaller  than 
0. 3%  of  the  average  intensity.  The  measurements  near  the  oscillation 
threshold,  however,  were  not  accurate,  because  the  acoustic  disturbance 
due  to  acoustical  noise,  bubbles  in  the  cooling  water  and  temperature 
fluctuations  in  the  plasma  tube  were  predominant  over  the  fluctuations 
due  to  spontaneous  emission.  The  power  spectrum  observed  at  frequencies 
above  lOKHz  showed  features  characteristic  to  the  laser  model  o*Van 
der  Pol  oscillator  driven  by  the  random  noise.  Improvements  of  C02 
gas  laser  desirable  for  further  investigation  are  discussed. 
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This  report  is  divided  into  three  parts 

(1)  The  presence  of  large  scale  time -dependent  dynamic  disturbance 
in  the  ionosphere  may  be  treated  by  using  an  inhomogeneous  linear 
integral  equation  with  Green's  function  satisfying  homogeneous 
boundary  conditions.  For  the  special  case  where  there  is  no  dis¬ 
turbance,  the  theory  reduces  to  the  wall  known  results  for  a  quiet 
ionosphere. 

(2)  The  disturbance  of  the  ionosphere  by  a  long  period  travelling 
wave  originating  in  the  northern  hemisphere  has  been  detected  in  the 
southern  hemisphere  with  the  accompanying  expected  -phase  change  as 
the  wave  crosses  the  magnetic  equation. 

(3)  A  comprehensive  survey  has  been  made  into  the  question  of 
anomalous  sounds  from  auroras.  Preliminary  results  seem  to  show 
that  the  theory  of  brush  discharge  can  properly  explain  all  the  ob¬ 
served  phenomena  without  inconsistency. 
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is.  abstract  I.  Several  methods  for  the  analysis  of  the  hydrogen  content  of  carbonaceous  material  rrsultir  » 
from  hydrocarbon  pyrolysis  are  examined.  The  method  of  sample  combustion  is  an  oxygen  atmosphere  and 
analysis  of  the  hydrogen  content  by  mass  spectrometry  and  carbon  dioxide  by  manometry  gives  results  on  a 
series  of  replicate  runs  with  a  standard  deviation  3.5%  on  samples  in  the  1.5-8  mgm  range. 

II.  The  pyrolysis  of  naphthalene  has  been  studied  by  the  flow  system  and  static  methods.  Analysis  of  the 
products  show  that  there  is  no  splitting  of  the  C-C  bond  and  that  hydrogen  and  polymers  of  naphthalene  are 
the  products  of  tiie  reaction.  The  naphthalene  polymers  arc  characterized  by  mass  spectrometer  and  gas 
chromatographic  methods. 

The  rjte  constant, for  hydrogen  formation  in  the  initial  stages  of  the  pyrolysis  can  be  expressed  by 
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and  reaction  products  can  lie  explained  hv  either  a  binjolccular  or  free-radical  predominantly  homogeneous 
reaction  mechanism. 
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in  terms  of  major  features  and  their  change  from  month  to 
month.  The  mean  monthly  cloudiness,  compiled  from  five 
years  of  daily  meteorological  satellite  data,  and  the 
change  in  mean  cloudiness  from  month  to  month  are  related 
to  the  flow  patterns  and  their  changes.  Longitudinal 
sections  of  monthly  cloudiness  and  month-to-month  changes 
in  cloudiness  are  presented  for  eight  selected  longitudes 
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II.  AKTRACT 


Measurements  of  spectral  absorption  and  photoionixatloc  cross  sections  of  CO  , 
IH  ,  0  ,  COS,  M0,  H  ,  and  vinyl  chloride  in  the  region  580  -  1650  A  were  made. 

A  Humber  of  new  RylBerg  series  were  found  and  the  convergence  limits  were  compared 
with  the  photoionixation  values. 

In  the  study  of  dispersed  fluorescence  from  molecules,  particular  attention  was 
given  to  the  emissions  from  CO,  HH, ,  Mg,  and  HO  in  the  spectral  region  1800  to 
6000  8.  The  experimental  Franck-COndoft  factors  for  CO  and  H,  were  found  to  be^in 
good  agreement  with  the  theoretical  values.  The  threshold  for  the  HH  c  n  — ♦  a  A 
transition  was  observed  at  (I21*5  *  10)  A.  On  the  basis  of^the  observed  threshold  of 
the  NH  emission,  thi  calculated  energy  separation  of  the  a  A  state  from  the  ground 
state  of  HH  is  (2.2  *  0.1)  eV  vhict  is  somewhat  higher  than  the  value  previously 
reported.  The  excitation  spectra  of  HO  show  many  overlapping  states.  However,  the 
B'  — *  X  trarsitiona  of  HO  were  identified,  and  the  experimental  Franck-Condon 
factors  are  in  agreement  with  the  calculated  values.  The  results  suggest  that  the 
y'  band  contribution  in  M0  emission  is  negligible.  The  excitation  spectra  of  other 
molecules  such  as  H  ,  0  ,  and  SO  were  studied,  and  certain  features  of  the  emission 
spectra  can  be  related  to  the  spectral  absorption. 

The  effect  of  molecular  collisions  on  the  fluorescence  of  HO  was  investigated. 
Quenching  of  the  B' ,  D,  £,  and  F  states  with  the  'nhancement  of  the  y  band  emission 
wss  observed. 
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This  final  report  summarizes  research  for  a  one-year  project. 
Abstracts  for  the  two  scientific  reports  are  given,  and  some  new 
results  are  included  on  reduction  of  context-free  graKmars,  decoding 
binary  block  codes  on  Q-ary  output  channels,  a  procedure  for  decoding 
binary  product  codes,  on  the  minimum  weight  code  words  of  a  certain 
class  of  cyclic  codes,  distance  property  of  the  dual  codes  of 
polynomial  codes  and  on  shortened  Reed-Muller  codes. 
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A  high  energy  neutron  detector  has  bern  constructed  to  measure  the  solar  neutron 
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omnidirectional  intensity  of  atmospheric  gamma  rays,  converted  in  the  aluminium 
sheath,  l^s  been  measured  at  balloon  altitudes  at  three  energy  levels.  A  value  of 
0.  33/cm  sec  has  been  found  for  energies  greater  than  20  MeV.  The  results  are  in 
good  agreement  with  those  obtained  by  Fichtel  et  al.  (1969). 
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To  improve  the  measurement  of  the  azimuth  direction 
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This  report  is  a  description  of  the  UNH  Meteor 
Trails  Radar  Main  Off-Line  Computer  Program.  The 
report  consists  of  a  summary  of  the  program  and  a 
complete  listing  and  flowgraph  of  the  program.  The 
main  contribution  is  the  method  of  determining  azi¬ 
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Trails  Interferometric  azimuth-elevation  system. 
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Two  Aerobee  rockets,  instrumented  with  payloads  for  measuring  auroral 
parameters,  were  launched  from  the  Churchill  Research  Range,  Manitoba, 
Canada  in  late  March  1969.  Ejected  noeetip  payloads  and  main  payloads  were 
utilized  to  obtain  simultaneous  measurements  at  separate  locations  within 
the  aurora.  The  Instrumentation  included  electron  and  proton  counters, 
electron  density  and  temperature  probes,  X-ray  counters  and  auroral  light 
photometers.  Details  of  instrumentation  are  presented. 
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General  formulations  for  temporal  frequency  spectra  of  the  fluctuations 
of  plane,  spherical  and  been  waves  operating  at  two  frequencies  are  given  based  on 
weak  turbulence  end  frosen-in  assumptions.  The  cross  spectra  and  the  coherence 
ere  obtained  for  the  amplitude  at  two  frequencies,  the  phese  et  two  frequencies,  and 
the  emplitude  at  one  frequency  and  the  phese  et  another  frequency.  The  results  are 
examined  in  detail  for  a  plane  wave  case.  For  the  spectrum  of  the  index  of  re¬ 
fraction  x  in  the  inertial  subrange,  the  amplitude  spectrum  behaves  as  k”“c^2 
for  *>  *  0  and  k*w‘“n  for  m  *  •.  The  phase  spectrum  for  id  *  0  end  for  id  ♦  »  behaves 
as  k  w  *n  with  different  constants.  These  results  agree  well  with  the  experimental 
work  of  Janes,  Thompson,  Smith,  and  Xirkpatrick  at  3.6  GHs  and  34.5  GHs,  and  ex¬ 
plains  the  ratio  of  the  spectra  at  two  frequencies.  Also  noted  is  the  experimental 
slope  of  -2.6  as  «  ♦  •  which  may  be  compared  with  1  -  n  ■  -2.66  using  the  Kolmogorov 
spectrum  of  n  »  11/3.  The  amplitude  and  phase  coherence  are  calculated  and  the 
results  agree  well  with  the  experimental  data.  This  agreement  is  indicative  of 
the  general  validity  of  the  theory  for  frequencies  as  low  as  10  %  30  GHs  and  the 
path  length  aa  long  as  60  km.  It  is  also  show.)  that  using  the  above  theory,  the  wind 
velocity  and  the  structure  constant  C  can  be  deduced  from  the  experimental  data. 
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The  objectives  of  this  program  were  to  perform  ex¬ 
perimental  investigations  directed  toward  the  design  and 
fabrication  of  new  charged  particle  detectors.  The  particle] 
detectors  are  to  be  used  in  satellite,  rocket,  and  labora¬ 
tory  experiments  to  study  the  magnetospheric  boundary  re¬ 
gions  ot  space  and  must  be  capable  of  detecting  particles 
with  energies  of  1  keV  or  less  maintaining  high  counting 
efficiency.  To  attain  these  goals  it  was  necessary  to  do 
extensive  field  plotting  of  entry  dynode  structures  in  or¬ 
der  to  arrive  at  a  design  configuration  that  would  insure 
good  collection  and  counting  efficiencies,  also  it  was  ne¬ 
cessary  to  devise  equipment,  fixturing,  and  testing  tech¬ 
niques  for  accurately  determining  spatially,  these  effi¬ 
ciencies. 
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